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Pedepar

Po6ota mictuts 122 apkyina, Bkiodaroun 19 pucyskis Ta 14 mocumiass.

Temoro AUMIIOMHOTO TPOEKTYBAHHS € €IEKTPONPUBO]T CHHXPOHHOTO
JIBUTYHA 3 TIOCTIMHUMH MarHiTamu 3 BOy/10BaHUM O€3KOHTAaKTHUM JAaTYHKOM
TEeMIIepaTypHu POTopA.

Merta poGoTH: po3poOKa JaTYMKY TEMIIEPATyPH, IO BMOHTOBY€EThCS Ha
PYXOMY 4acTUHY JBUTYHA (POTOP) Ta TPAHCIIIOE TEMIIEPATYPHI JAaHi i3 CEpeIUHH 32
IIPOTOKOJIOM 0€3pOTOBOI Iepeaaui qanux «Bluetoothy.

VY nepriomy po3aii po3risHYyTO 3arajibHi BIIOMOCTI PO CUHXPOHHUN
JBUTYH 3 NOCTINHUMH MarHiTaMH, aKTyaJIbHICTb 1 BAXKJIMBICTb BUMIPY
TEeMIIepaTypHy POTOpA.

VY npyromy po3aini BAKOHAHO pO3pOOKYy OE€3KOHTAKTHOTO AaTUUKY
TEeMIIepaTypH.

VY TperboMy po3auTl onMcaHi 00’ €KTH aBTOMATU30BAHOTO €JIEKTPOIPUBOTY.

VY 4yeTBepTOMY PO3ILII CKIIaJIeHA MaTEMaTUYHA MOJIETIb CUCTEMU KepyBaHHS
eleKTponpuBoa. Po3paxoBaHi nepexiiHi NpoLEeCH CUCTEMHU €JIEKTPONPUBO/IA.

B po3aim oxopoHu mpaiii IpoBeJAeHO aHaI3 HeOe3NeYHUX Ta IIK1ITUBUX
YUHHUKIB, 00paHi 3aX0/I1 3 OXOPOHH Ipalli Ta BUKOHAHO PO3PAXyHOK OCBITJICHHS
JUTSI IPUMIIIIEHHS 3 00’ €KTOM MPOEKTYBAHHS.

VY poznini Texaiko-Exonomiunoro OOrpyHTYBaHHS HalaHO OOTPYHTYBaHHS
00’€KTy MPOEKTYBaHHS, PO3paxoBaH1 KamliTajdbHI Ta €KCITyaTalliHl BUTPATH.
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Abstract

The work contains 122 pages, including 19 figures and 14 references.

The bachelor thesis topic is permanent magnet synchronous motor drive
design with embedded wireless rotor temperature sensor.

Objective: embedded rotor temperature sensor design with wireless data
transfer protocol “Bluetooth” implementation.

In the first chapter there is a common PMSM description, necessity of
PMSM temperature measurement research.

In the second chapter rotor temperature sensor design process is described.

In the third chapter Automated Electric Drive objects are described.

In the fourth chapter Field Oriented Control system is described. Transient
processes are simulated.

The section of labor protection analyzes hazardous and harmful factors,
proposes measures for labor protection and calculates the lighting of the room
where the design object is installed.

A separate section of the economic part provides a feasibility study of the

design object, calculated capital and operating costs.
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Project Description

In this project the Common Application Electric Drive based on PMSM with
Wireless Rotor Temperature Sensor is designed. Major part of the project is
dedicated to the Rotor Temperature sensor, what is made using existing
ultra-low power technologies in RF data transmission, new concepts in

power electronics and precise manufacturing abilities.

This project is made in Esslingen University of Applied Sciences
(Hochschule Esslingen) for MOTEG GmbH. Some parts of this project are

intellectual property of MOTEG GmbH and not included in this document.
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PMSM Rotor Temperature Estimation Necessity

As PMSM are usually more expensive than other motor types due to usage
of expensive components, application of resource-saving methods is crucial.
According to Report of Large Motor Reliability Survey of Industrial and
Commercial Installations [1] one of the major causes of motor failure is
overheating. Therefore, temperature control of the motor is important to

prevent failures during the S1 and S3 operating modes.

It is important to mention, that there are no non-destructive techniques of
temperature measurements inside the motor. Latest studies offer only
predictive models, based on Kalman filter [2], Difference-Estimating

Feedforward Neural Network [3] and High-Frequency Signal Injection [4].

EN1114.21.201-C ToR
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2. Rotor Temperature Sensor
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Energy Harvesting is the Power Electronics concept. According to this
concept, ultra-low power devices, such as modern MCU, can be powered
from the ambient energy of the environment (Ex. Photovoltaic,
Thermoelectric, Piezoelectric and RF signals). Despite the fact, that the
concept is not new — realization of Energy Harvesting becomes possible only
now.

Color Shade Results
Quantity : IFlux densityl Tesla

Time (s) : 6.Lte-6 Pos (deg) &
Scale / Color

54.8e-6 145 1e-3

145 e-3 290.1e-3
290.%e-3 4352e-3
4352e-3

=3
i i, o Stp T S S S S Il

w

=]

1 PMSM Rotor Flux [5]

For powering the Rotor Temperature Sensor RF signals from the
electromagnetic pole inside the motor are used, the powerful transistors of
the frequency convertor create electromagnetic spikes during the transient
process of commutating. In the beginning of the design process the
hypothesis has been made. According to this hypothesis these spikes can be
sensed in the magnetic pole of the PMSM and the power of the spikes can be

“harvested” and used for the Rotor Temperature Sensor power.

EMTN14.21207-CRTS
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AU

Conduction

Losses Losses

Turn-Off

2 IGBT Transistor Losses [6]

Conditions of spikes generation:

)
P
Turn-On /
Losses |/ /)
"off
' 1

Spikes are occurring during
the switch-on or switch-off

transistor transient process.

We harvest this energy for
powering the Rotor

Temperature Sensor.

. There is a current in drain-source of a transistor

. There is a voltage drop in the transistor (transistor is not opened or closed)

The spikes frequency is dependent on the Frequency Converter’s

discretization value, transistor gate’s capacitance and inductance

According to the assumptions, the next conditions must be fulfilled:

All hardware has to be small, as it is supposed to be placed in a rotor slot

Hardware has to be ultra-low power consumption class

Hardware part has to be properly insulated from the rotor core

Power of the Radio Transmitter has to be enough for breaking through motor

N° dokym.
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3 OnSemi RSL10 Chip [7]

The ON Semiconductor System on Chip RSL10 has been selected as the
main MCU of the hardware part. It is low power System on Chip with
Certified Bluetooth 5 on board, available both in WLCSP51 (BGA) and

QFNA48 packages.

Despite nominal supply voltage is 3.63V and 3.3V as rated, during the tests
it was estimated, that the lowest available voltage is 1.05V. At the lower
levels MCU turns off. Turning on is possible with supply voltage level
higher than 1.3V.

EM/IA.21201-CRTS p
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¢3 Bluetooth

4 Bluetooth logo [8]
Bluetooth Low Energy (BLE) [8] is the low power version of Bluetooth that

was built for the Internet of Things (10T). This technology is widely used in
the long period running applications where the main source of energy is
coin-cell battery or energy-harvesting device.

Key benefits of the Bluetooth Low Energy:

Strict Industry-standardized protocol
Ultra-low power consumption
Native support on various platforms

Low-cost solution

EMTN14.21207-CRTS
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5 MATLAB logo [9]

MATLAB [9] is a
computing platform for
scientific research, data
analysis, algorithm
development and model
creation. In this project
MATLAB is used as front-
end application for data

receiving and plotting.

This tool has been selected due to reliability and easiness of use in

applications like this project. Native support of BLE saved a lot of time

during the R&D process.

Assuming all previously selected technologies the scheme below shows how
the whole assembled system will work.

N° dokym.
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Power Network

v 230VAC USB Transmission
= Computer <& > BLE Dongle
BLE Transmission @
3 phase Control «| Rofor Temperature
380VAC Signals ] Sensor
EM Noise Temp. Analog Dufu@
Frequency
= convertor > PMSM
4 3 phase 380VAC

6 Rotor Temperature Sensor System Scheme

Main elements description:

Computer — the computing device, what runs MATLAB in OS Windows
environment with an USB port. It takes data from USB port (virtual COM)
and performs data processing within MATLAB environment. It
communicates with Frequency Convertor via CAN bus as well. Powered
from single-phase network.

BLE Dongle — the Bluetooth Low Energy device (receiver). It is able to
establish connection with the RSL10 MCU on the Rotor Temperature
Sensor, receive wireless data and send it as Serial data to the USB port.
Powered from Computer’s USB port.

Rotor Temperature Sensor — the device, powered from EM noise of
Frequency Convertor inside the PMSM. Advertise itself to the ether, after
establishing connection sends data from on-board temperature sensors
periodically.

EMTN14.21207-CRTS
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7 PMSM Motor with Rotor Temp. Sensor

Another important task in
the project — the decision of
the Rotor Temperature
Sensor displacement. The
best placement of the device
1s the motor’s rotor slot.

For the electromagnetic and
mechanical balance of the
rotor two Rotor
Temperature Sensors are
placed in the opposite rotor

slots, this solution helps to filter noise in received temperature data.
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Hardware Part
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8 Rotor Temperature Sensor Schemafic

The schematic diagram consists of 4 blocks: Energy Harvesting, BLE

Transmission, Temperature Sensing and MCU Block.

18
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All these blocks are located on the same Printed Circuit Board. The variant
of splitting the design between two circuit boards (Energy Harvesting and
MCU) and locating them inside opposite rotor slots, for the better rotor
balance has been considered, but for now the whole design (except the

energy harvesting antenna) is located on the same PCB.

Energy Harvesting Block downsizes the voltage, inducted onto Antenna
(A1) to the level of 1.8V with help of Linear Stabilizer (U1). Capacitors (C1,
C2) required for the voltage stabilization. Stabilized power can be taken

between VBAT and GND outputs.

BLE Transmission Block is a typical Bluetooth transceiver scheme. It takes
2.4GHz signal at BLEANT input and transmit it into the ether. Antenna (A2)

is placed directly onto a PCB as a copper trace.

Temperature Sensing Block consists of 2 voltage dividers. Both of the
voltage dividers are powered from the MCU pin (DIOJ[0]) only during the
measurements in behalf of energy consumption decrease. Each voltage
divider consists of 100k resistor (R1, R2) and PTC thermistor (R31, R33).
Voltage drop across thermistors is measured by 14bit ADC of MCU.
Voltage range is [0V:0.9V]. The temperature dependence from the voltage

drop across thermistor is not linear.

E/14.21201-CRTS P
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Calculation of the core voltage:

. Reading ADC, value from the DIOJ[0]

ADC,
8192

. Calculating the voltage value Vg 7r =

[V]

For the calculation of the temperature value the next steps has to be taken:

. Reading ADC,, value from the DIOJ[1] or DIO[3]

ADCy,
8192

. Calculating the voltage value V,, =

[V]

. Calculating the current in the voltage divider I,, = W [A], where R, is

X

R1 or R2 value

. Calculating the thermistor resistance R,, = f—" [Ohms]

. Getting the temperature data from the function f(x) = T(R), defined in the

thermistor datasheet

MCU Block consists of RSL10 MCU itself and required periphery as

filtering capacitors and quartz resonators.

EMTN14.21207-CRTS
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Firmware Part

Adress [20:12] [11:8] [7:4] [3:0]
Value Uras Urs1 UB‘Z“TT
Source DIO[3] DIO[1] Internal

Data Packet Structure

Gathered data is sent to the transceiver in data packets with frequency of 6

Hz (it is not crucial due to high temperature inertia in the motor). Each data

packet consists of 3 values:

1. Input voltage value divided by two (internal register value)
2. Voltage drop across Rs

3. Voltage drop across Rs

All the values are transmitted as Raw ADC input in range of [0:16384]

N° dokym.
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From the analog sensors,

Analog Sensors .
such as voltage thermistor

Voltage v
RSL10 dividers and internal
Raw ADE Bale y voltage inputs of RSL10
MATLAB _
data is gathered and
Temperature \

transmitted to the Receiver

device (USB Dongle). The

9 Rotor Temperature Sensor Urder Receiver transmits data to

of Calculation

the MATLAB via Serial port (Emulated RS-232). MATLAB converts ADC
input to VVoltage drop, then Voltage drop to active Resistance of the
thermistor and then (using the Resistance/Temperature lookup tables)

converts Resistance values to the Temperature data.

For the creation of firmware free Integrated Development Environment “On
Semiconductor IDE” has been used. This IDE has native support of RSL10
and provides some code examples. The firmware source code is mostly
inherited from the ble_peripheral_server [7] example. All the firmware
source code is written in C language.

Source code is listed in Appendix A section.

EN/14.21201-CRTS 57
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Software Part

This part is about the software, located on the Front-End side of the system.
In this project the Front-End side is located and executed with MATLAB

application in the environment of OS Windows.

The hardware and firmware parts create next requirements for the software:
Ability to control the Serial ports (COM ports)

Ability to control the embedded Bluetooth

Ability to process, analyze and plot received data

All the requirements can be fulfilled with the abilities of pure MATLAB

2020b without toolboxes.

Script Name Description

RTS.m The main software script all other scripts are
called from here.

RTS INIT.m Initialize the BLE connection, handles the

errors and exceptions. After the successful
connection initialize the Characteristic with
further ability of reading it.

RTS LOOKUP.m Contains the Temperature/Resistance Lookup
Tables of the thermistors in the array of points.
These points are interpolated for getting the
required temperature value.

RTS READ Requests the data from the Rotor Temperature
Sensor, and receives it, adds the time spent on
the data transfer to the common time counter.
Returns the values of the battery voltage and
thermistors’ voltage drops.

EMTN14.21207-CRTS
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3. Automated Electric Drive
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Electric Motor Description

10 MOTEG PMSM Motor

Permanent Magnet
Synchronous Motors
(PMSM) are widely
used for the industrial
applications.
Mechanisms without
speed control

requirement are often

driven by PMSMs (Ex. Compressors, Pumps, Fans, Generators).

In the applications where speed control is required both scalar and vector

control can be used. Despite it is more expensive, vector control is used

widely, as it has set of advantages like precision and smoothness of speed.

As the current project is performed for the MOTEG GmbH, the PMSM in

this project is taken from the MOTEG PMSMs catalogue.

Motor Rated Parameters [10]:

Name

MOTEG MMA 80-8-60-C-...-W

Power on the Shaft

5.6 kW

N° dokym.
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Nominal Torque 18 Nm
Max. Torque 21.5Nm
Nominal Speed 3000 rpm
Max. Speed 4000 rpm
Nominal Current 95A
Max. Current 11.5A
Weight 9.5kg
Protection Class IP67

This Motor is driven with FOC (field orientated control). Siemens

Frequency Convertor is used for control.
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Frequency Convertor

11 SINAMICS V20 6SL3210 [11]

The frequency converter is
designed to transfer
alternating current from one
frequency to another, that
IS, to change its voltage,
rectifying the mains and

converting it to three-phase.

To choose and buy a frequency converter correctly, you need to take into

account some factors:

e The output currents of the inverter must be less than the full load current;

e overload torque, for example, if you install an inverter with a special

harmonic filter, then the supply transformer will be loaded less.

AC mains frequency converters can be:

e electronic type and work in generator mode;

e made in one case and in two;

e have all kinds of rectifier configurations (6, 12, 18 pulse);

N° dokym. [lodnuce
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there are several types of cooling (liquid, air and back wall);
type of load (with continuous moment, inertial, inert, active, crane);

various protection class of the case (IP00, IP20, IP21, IP55, IP66).

The automatic form of the inverter is not complicated and less perfect. The
electronic type of the converter creates at the output an electric voltage of a
given frequency and is used in electric motors of modulating frequency

control, providing its absolute protection against short circuits.

The converter in electric motors guarantees:

smooth start-up;

smooth stop;

effective protection against overloads and voltage surges;

works with high rated mains voltages and currents;

endures maximum operating frequency, impulse actions and continuous
load;

by adjusting technological parameters, power consumption is reduced and
energy saving is increased;

improves energy performance;

EN/14.21201-C AED 28
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softens mechanical characteristics;

aligns the technological process and makes it more accurate and correct;
increases the period of operation of technological equipment;

increases efficiency and production prosperity (reduces downtime);

facilitates the work and execution of difficult automatic tasks.

Siemens SINAMICS V20 6SL3210-5BE31-1CVO0 has been selected for the

purpose of driving the PMSM in this project.

EMTT14.21207-CAED
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4. Study of Dynamics of an Electric Drive
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Description of the model

12 Test Workbench

For the current setup next differential equations system of EMF is valid:

. ay,
u, =R,-1
a 1 a+dt'
. dyp
Uy =Ry - ip +——
b 1 lp dc
dy.

U =Ry - i+ pral

EN114.21207-C.STOED
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Flux linkage in phases:

wa=La-ia+Lab-ib+LaC-ic+zS”2mu-cos u-e,
u

l/)b:Lb'ib+Lab'ia+Lbc'Q"‘ZWZmu'COS(M'H_Z'T[/3):
U

z/)C:LC-iC+LaC-ia+Lbc-ib+Z‘I’2mu-cos(u-9+2-n/3),
u

where L, = L, = L. = L,, — main phase inductance;

Loy = Lge = Ly = —L,,/2 — main mutual inductance between stator
phases;

Yu Yomy - cos - 6 —rotor flux linkage with stator winding;

u=6-k+1, k=1, £2, £3, ...—index of flux linkage
harmonic;

6 — rotor electrical angle.

Well known space vectors method is used for simplicity. For any of
three instantaneous voltage, current and flux linkage, there is a single

generalized space vector, rotating inside the air gap with the grid frequency:

2 L
11=§'(la+lb'a+lc'a)

where a = e/2™/3 — vector with consideration of the space winding shift.

Ef1/14.21201-C StOED 33
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v

137 Lonnection between stafic and moving axis

As space vectors are rotating into the complex plane, they can be
projected on the axis. But stator variables are visualized into the static
coordinate system a, 3, where real axis «a is aligned to A. For transition
between instantaneous values of different phases to the static coordinate

system «, [ Clarke transformations are used:

EN114.21207-C.STOED 34

N° dokym. [lodnuce




Rotor variables are shown in the static coordinate system d, q, which
Is synchronous to the rotor, where real axis d is colinear with the pole axis.

For transition to the moving coordinate system Park transformation is used:

[id] _[cosf sin 9] . [ia]
lg —sin@ cos@l |igl

Both transformations can be combined as:

ig] 2 [cos@ cos(6—2m/3) cos(6+2m/3) l:a
[iq] BER [— sinf —sin(@ —2mn/3) —sin(0+ 27‘[/3)] ' ;b '

EN114.21207-C.STOED
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Sometimes it is necessary to perform an inverse transformation it can

be achieved the next way:

iq 1

lib] = l_l/z
Ic -1/2
o] =L

ig cos 6
[ib] = [cos(@ —2m/3)
cos(0 + 2m/3)

e

0 :
Vv3/2 ||
—j§//22] [lﬁ]’

— sin 9] . [id]
cos 6 gl

—sin6 .
—sin(0 — 2n/3)] . [;d]_
—sin(8 + 2n/3)1 1
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Thus the system of equations can be represented as space vectors in

the static coordinate system «, £:

d?’laﬁ

01aﬁ =Ry I_1aﬁ + ac

where Wy, = Ly - L14p + W45 — flux linkage of the resulting field with

stator’s winding; L, — stator full inductance, EUZQB — rotor field flux linkage.

Flux linkage space vector of the resulting field:

where Ly = Lgq + Lg, Lg = Lgg + L, —main inductances of colinear and

perpendicular axes; L, — leakage inductance;

T1+(T5+T7)'COS 6'9+(T11+T13)'COS 12'6+"‘]

SUqu: (—?’5+¥/7)Sl1’l 69+(_¥/11+W13)Sln 126"’

EN114.21207-C.STOED

N° dokym. [lodnuce

37




Flux linkage of the rotor field with consideration of high harmonics.
Non-sinusoidal distribution of the magnetic field causes dependance of main
inductances to the rotor position. For the modeling simplification we will

consider only the dependance of the main magnetic field harmonic.

It is enough to consider only first four flux linkage harmonics as
higher ones have insufficient effect on the torque pulsation. For rotor field

flux linkage vector projection::

_[#1+Yge-cos 6-0+Pgq,-cos 12-6
Vaaq = Yge - SIN6-0 +1Pgqp-sin 12-6 ]

Where Y46, Yg6, Wa12, Yq12 — harmonics amplitudes of corresponding

rotor field flux linkage components.

Differential equation of the stator voltage in the moving coordinate

system d, q:

U1dq =Ry - I_ldq +—

where w, — electric rotor angular speed.

. dig . .
ud=R1-Ld+Ld-E—we-(Lq-lq—(—lpq6—6-1/)d6)-sm 6-0+

Ef1/14.21201-C StOED 38
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_(_l/’q12 —12-vYg41,) - sin 12-6),

di
uq=R1-iq+Lq-d—g+we-(Ld-id+alf1+

+Wa6 +6-Pge) - cos 60+ (Ya12 +12-Pgq3) - cos 12-0).

Amplitudes of rotor field flux linkage in moving coordinate system:

Yas = ~Yq6 — 6 Yge = (¥ + ¥;) —6-(¥s+ ¥;)
=_5‘T5_7‘T7
Yoo =Vae+6 Yoo =P+ ¥)+6-(—¥Y+¥,)=-5-¥Y+7-Y¥

- _ I:Syd(e) _ |:¥Id6 ¢ Sln6 ¢ 0 + lez ¢ Sin 12 * 6
Yaaa = |y ()] = |, + Woo-cos 66+ ¥y1p-cos 12-6

Rotor field flux linkage dependance on the rotor angle in the moving

coordinate system:

1] 50 100 150 200

v

250 300 340

14 Space vector parts of the rofor field flux linkage in the sysfem

— — EN114.21207-C.STOED
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After slight transformation of the equations:

. dig .
ud:Rl.ld-I_Ld._dt _(l)e'(Lq‘lq—gld(Q))
_ dig ,
Ug =Ry ig+ L -E+we-(Ld-Ld+ ¥,(0))

PMSM electromagnetic moment on the stator:

For the full description of the PMSM transients we should add main

motion equation:
M—M, =] -2 (3.23)

where ] — PMSM moment of inertia; M, — load torque.

EN114.21207-C.STOED
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Simulation of PMSM drive

Electric drive is realized with classical FOC. Corresponding structure of the

drive;

\ A /
V VY
L
x>

_______

AAA

A

15 Field Oriented Control of PMSM

The FOC system contains of: PMSM, Rotor Position Sensor (RPS),

Frequency Convertor (FC), Autonomous Voltage Inverter (AVI),

Uncontrolled Rectifier (UR). There is a LC filter for filtering rectified

voltage U, .. Voltage is regulated by

PWM with vertical control.
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Task signals with this type of control method w;, u:; current regulators
output are transformed into three sinusoidal task signals onto phase voltages
of corresponding amplitude, frequency and shifted by phase by 120°. Then
they equalize to the triangle base PWM voltage and in dependance of the

resulting sign of the subtraction regulators send signals s, ;, . to the AVI.

The control system has two current loops iy, i, and external speed
control contour w, where i,is internal. Current regulators are set to technical

optimum and speed regulator to symmetrical optimum. Speed task of electric

drive is realized by the intensity setter.

Controlled values iy, i, into the moving coordinates system linked, it

negatively affects the dynamics of transient processes. For improving the
system, independent regulation of both variables should be used. The
compensation of the mutual links and EMF is applied. Compensation signals

are defined after the current regulator with an opposite sign:

Ugkom = We * (Lq ) iq — ¥4(0))
Ugkom = We * (Lg-ig+ l‘Uq(Q))

EN114.21207-C.STOED
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16 Transients during acceleration and rated load connection

Big torque and speed oscillations occur. It affects the control precision.
Existing torque pulsations are caused by periodic components of the main
EM torque M,y . For elimination special torque pulse compensation laws

should be applied.

For better current harmonics current regulators must be as fast as
possible. Therefore, relay current regulators usage is more meaningful.
Speed regulator settings remains the same. Current range is i” + Ai" while

Ai" = 0,05 V.

EN114.21207-C.STOED
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17 PMSM Drive with Relay Current Regulators

As default control method has been selected (with i; = 0), reactive

moment is absent. In this case the EM torque equation with consideration of

flux linkage:

M=15p-(ig-(¥1+¥-cos 6-0+ ¥, cos 12-0))

N° dokym.
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19 PMSM Speed Diagram
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BcTyn

VY naniit po60Ti 06’ €KTOM PO3POOKH € JATIUK TEMIIEPATypH POTOpa
(pyxoma yactuna asuryHa) aisa CUAIIM (CunxponHuit JBuryH 3

[TocTiiiHMMU Marsitamm)

Yepes BUCOKUI KOE(DILIEHT KOPUCHOI A11, KOMIAKTHICTh Ta IIUPOKHIA
TEXHOJIOTTYHUH crieKTp MeToAiB kepyBaHHs C/IIIM 3aitmae Bce Oinblry
YaCTKy PUHKY €JIEKTPUYHUX JIBUTYHIB Ha MPOTS31 OCTaHHIX 15 poOKiIB.

OpaHuM 3 OCHOBHMX esieMeHTiB KoHCTpyKuli CAIIM e uytnusi 10
TEeMIIepaTypH MOCTIIHI MardiTH. [[Js 3aXuCTy B po3MarHidyyBaHHS MpU
BHUCOKHUX TEMIIEPATypax MPOCYHYTI CUCTEMHU KEPYBAHHS BKIIIOUAIOTh y cO01
aHaITHUYHI MOJEJNI Nepea0dadyeHHs TEMIIEPAaTypH B CEpEIUH1 ABUTYHA.

BukopucTaHHs aHAIITUYHUX MOJIETIel 00yMOBIIEHO HEMOXKIIUBICTIO
BCTAHOBJICHHS JaTYHMKIB Ha PyXOM1 KOMIIOHEHTH B CEPE/IMHI JBUTYHA.

AHaJIITUYHI MOJIEJI € HE TOYHUMH 1 CTBOPIOIOTH J10/IaTKOBE
PO3paxyHKOBE HABAHTAKEHHS HA CUCTEMY KEPYBaHHs, 1110 3HUXKYE 11

[IBUIKOIIO.

EMTN14.21201-C TEQ
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Pe3ynbraromM HayKOBO-IOCIHIIHULIBKOI pOoOOTH, 1110 OyJia MpOBE/ICHA Y
JTAHOMY TPOEKTI € OE3KOHTAKTHUI NaTYMK TEMIIEpaTypH, 110 BUPIIIYE

HACTYIIHI TPOOJIEMHU:

JlaTuuk TeMnepaTypy BCTAHOBIIIOETHCS HA PyXOMY YacTUHY JIBUTYHA
(potop)

JlaTuuk Temneparypu He BIUIUBA€E HA pOOOTY JBUTYHA

JlaTuuk TeMnepaTtypyu aBTOHOMHUH 1 HE MOTpe0y€e BHECEHHS 3HAUHUX 3MIH Y
KOHCTPYKIIIIO TBUTYHA

JlaT4MK € yHIBEepCaJIbHUM 1 MOKe OyTH BOYJJOBaHUM Yy IBUTYHU Pi3HUX
KOHCTPYKIIA

JlaTuuk TemMmneparypu nepenaae Habarato OUTBIN HaIIMHY 1HQOpPMAIIIO 1100

CTaHy TEMIIEPATYPU POTOPY JABUTYHA

EMTN14.21201-C TEQ
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[Ipu BpoBayKEeHHI MPAKTUKK BCTAHOBIICHHS JATYUKIB TEMIIEPATYpU POTOpa
y CUHXPOHHI1 IBUTYHH 3 MIOCTIHHUMH MarHiTaMu rnepeadadyBaHi pe3yibTaTu

HACTYTIHI:

e PicT BapTOCTI IBUTYHA Ha TIOCTIHHY CyMy (Y4acTKa BiJl TOBHOI BapTOCTI
JIBUTYHA HE NepeBullyBatume 2%).

o [lokpareHHst HaAIHHOCTI IBUTYHA (3HUKEHHSI BUTPAT Ha KaIliTaTbHUN
PEMOHT)

e TlomoBxxkeHHS CTPOKY mparli (3HIKEHHSI aMOPTU3ALIINHUX BiJIpaxyBaHb)

Peanizaiist Oyp-sK0i HAyKOBO-IOCIIAHOI pOOOTH 3aBK/IU BUMArae
Butpar. [lepen BUpoOHULITBOM HOBOTO 00’ €KTY HEOOX1JJHO MOAOATH MPO
MaKCHUMaJbHE MOXJIMBE 3MEHILIEHHS BUTPAT O0€3 BTPaTH SKOCTI

PO3pOOIICHOTO TIPOTYKTY.

OuikyBaHU €KOHOMIYHUHN BILUTUB BIPOBAHKEHHS pe3yJIbTaTIB IaHO1
HayKOBO-JIOCTIAHUIIBKOT pOOOTH € 3MEHIIICHHS! BUTPAT HA KalliTaJbHUMI
PEMOHT Ta 3HUKEHHS aMOPTHU3aLIMHUX BiJpaxXyBaHb, 1110 JO3BOJUTH
3HM3UTHU COOIBAPTICTh TOBAPIB BUPOOJICHUX HA BEpCTaTax, /e

BUKOPHUCTOBYIOTHCA JATUUKHU TCMIICPATYPH POTOPA.

EMTN14.21201-C TEQ
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Po3paxyHoOK KaniTanbHMUX BUTpaT

I[JDI BU3HAYEHHS KalllTaJIbHUX BUTPAT MOXKXHA CKOPUCTATHUCA

dbopmyoro

K,, = 06(2 i) + 3o + 3, + 3, + 3p2pn
ne K ;3 L]i) - 1ie BapTicTh NpuI0aHHS YCTAaTKyBaHHS (EJICKTPHUHUI
JBUTYH, JaTYHK, Ta IEPETBOPIOBAY YaCTOTH), SIKe HEOOXITHO JUIS peatizarii
MIPOEKTY.
3,,5c -~ TPAHCIIOPTHO-3aTrOTIBENBHI 1 CKJIAJICBKI BUTPATH;
3,, - BUTPATH Ha MOHTa)XKHI BUTPATH;
3,- BUTpaTH Ha HAJIaro KyBajIbHI BUTPATH,

3

np - THII OTHOPA30Bi BKJIJICHHS TPOIIOBHMX KOIITIB.

Tabn. 5.1. 36edennsn kanimanvbHux umMpam

Ne 3/m HaiimenyBanus Kinbkicth [ina 3a Cywma, rpH
TEXHIYHHUX OJIMHMIIIO,
3aco01B TpH
(KOMIUIEKTYHOUMX
BUPOOIB)

1 HBuryn MOTEG |1 46000 46000
MMA 80-90-80C

2 YacroTHuii 1 19800 19800
EPETBOPIOBAY
SINAMICS V20

3 JlaTumk 1 200 200
TEeMIEpaTypu

Bceboro 129000

EMTN14.21201-C TEQ
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TpaHCOPTHO-3aroTiBeJIbHI i CKIAACHLKI BUTPATH

TpancnopTyBaHHSIM 3aiiMa€TbC CTOPOHHA KOMIaHisA, TOMY Y

PO3paxyHKy BKa3aHa JIUIIIE CyMa iHBOUCY
33c =l = 16250 rpH

ne . — 1iHa Ha TpaHCHOPTYBaHHS JBUTYHA B TUCTPUO IOTOpaA /10 TIEXY.
3aMOBJICHHSI TAKUX KOMIIOHEHTIB, SIK JJATYUK TEMIIEPATYPH BUKOHYETHCS Y

JIOKaJIbHUX JTUCTPUO FOTOPIB.

ButpaTtu Ha MOHTA)KHO-HAJIATOMKYBAJIBLHI po00TH
B = z(‘{i Xa; Xt;) X Ky X Ky X Ky

Y; — yncenbHICTh MPAIliBHUKIB 1-TO PO3PsAIY, HCOOXITHUX ISl BUKOHAHHS
MEBHOTO 00CATY MOHTQKHHX (HaJaro )KyBaJIbHUX poOiT), 4Ol.;

a; — roJlMHHA Tapu(Ha CTaBKa MpalliBHUKA 1-TO PO3pPsiAy, TPH.;

ti — yac, HEOOX1THUM JIJI BAUKOHAHHSI TIEBHOT'O 00CATY MOHTaXKHUX
(HanmaroKyBaJbHUX POOIT), TOI.;

K, — xoedittieHT, 1110 BpaxoBye po3Mip JOTLIAT;

Ky — KOCDIIIIEHT, 1110 BPAaXOBYE €IMHUM COIlIaIbHUN BHECOK;

Kyp — KoedilieHT, 110 BpaxoBYe 1HII1 BUTPATH Ha 3A1MCHEHHS MOHTaKHUX

(HayaromKyBajgbHUX) POOIT.

EN1/14.21201-C. TEO >
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J1Ji1 MOHTa)KHO-HAJIaroKyBATBHUX POOIT 3apOTIOHOBAHO 3aTyYUTH TPHOX
€JIEKTPOMEXaHIKIB 10 3ac00aM aBTOMATHKH 1 TPUOOpaM TEXHOJOTTYHOTO
00J1aTHaHHS 11’ ITOTO PO3PSY.

I'onunnaa TapudHa craBka npamiBHuka — 250 TpH.

Yac na podotu — 20 roauH.

KoedimienT, mo BpaxoBye po3mip gomiat — 1,25.

KoedirieHT, 1110 BpaxoBye €IMHUIN COIliaIbHUM BHECOK — 1,22,

KoediuienT, mo BpaxoBye iHmi Butparu — 1,05.

OT}KC, BHUTPATH Ha MOHTa}KHO-HaJIaFOIDKYBaHBHi pO6OTI/I:

By = z(z X 250 x 20) X 1,25 x 1,22 x 1,05 = 16012 (rpH)

IIpoekTHI KamiTAJIOBKJIAIEHHS

Ky, = 129000 + 16250 + 16012 = 161262 rpu

EMTN14.21201-C TEQ
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Bu3Ha4vyeHHA eKcnnyaTauiﬁHMx BUTpaT

Excruyaramiiini BUTpaTu - 1€ TOTOYHI BHUTpaTH Ha EKCIUIyaTalliio 1
00CIIyroByBaHHsI 00'€KTY NMPOEKTYBaHHS 3a IEBHUM nepioa (Pik), BUpaKeH1 B
IpOIIOBiH (opMi.

J10 OCHOBHHUX cTaTel eKCIUTyaTaliiHUX BUTPAT MO €JIEKTPOTEXHIYHOMY
YCTaTKyBaHHIO BITHOCSITHCS:

1. AMopru3aniiini Binpaxysanus (Ca);

2. 3apobiTHa 1maTa obciyropyrdoro nepcorany (C3);

3. BigpaxyBaHHS Ha colliayibHI 3aX0u BiJ 3apo0iTHOI maTH (Cc);

4. Butpatu Ha TeXHIYHE OOCITYroBYyBaHHS 1 MOTOYHUH PEMOHT
ycratkyBaHHs (CT);

5. BapticTe enekTpoeHeprii, CIOXHUBAHOI O00'€KTOM MPOEKTYyBaHHS
(Coa);

6. [nun exkcrutyarariiini Butpatu (Ci).

Takum yuHOM, p1YHI €KCIUTyaTaIliiiHl BUTPATH CKJIAIyTh:

C=Ca+Cy+Cet Cp+ Co+ Cyy

EMTN14.21201-C TEQ
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Po3paxyHok amopTu3aniiHuX BiApaxyBaHb

AMOpTH3aIlllHI BiIpaXxyBaHHs pO3paxoBaHi MPSAMOJIIHIHHUM METOIOM

T, = 5 pOKiB — CTPOK KOPUCHOTO BUKOPHUCTAHHS
JI = 8000 rpH — nikBijariiiHa BapTiCTh OCHOBHUX 3aC0O01B
@, — BapTicTh 00’ €KTa OCHOBHHX 3aC001B

Hopma amoprusauii 20%

b @, —J1 161232 — 8000
@ 9. T,  161232-5

=0.19=19.0%

_ (161000 — 8000) - 20
B 100

Ca=(D,—D,)) - H, = 30646 [rpH]

Busna4venust piudoro ¢goHay 3apo0iTHOI IJIATH

T,u = 8 TOAWH — TpUBAIICTH 3MIHU

F, = [, Ty, = 205 - 8 = 1640 [roauH]

EN1/14.21201-C. TEO 55
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Tabn. 5.2 Po3paxyHox piunHux eumpam Ha 00CIy208Y8aHHs Ma NOMOYHULL

pemMonm
Ne | HaiimenyBan | fABounu | OGxikoBuil | ['onunu | HoMinansHH | Ycboro
n/n | Ha npodecii | ¥ mTaT | cKIaf 3 a i piuHui OCHOBHA
y 3MiHy, | ypaxyBaHH | TapudH | GoHI 3apIuiaT
oci0 M a poGouoro a, TpH
3MIHHOCTI | CTaBKa | 4acy, TOJIUH
poboTH,
ocib
1. Omneparop 2 1 225 1640 738000
BEpCTaTy
Ycboro 738000

JlonaTkoBa 3apo6iTHa maTa Ha pik: 3,,, = 14350 [rpH]

A0A

Piunuii pony 3apo0ITHOI TIIATH:

Cs = 3ocn + 340 = 738000 + 14350 = 752350 [rpH]
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Butrparu Ha TexHiYHe 00CJIYyrOBYBAHHSA i IOTOYHUH PEMOHT

Butpartu Ha TexHIYHE 00CIyTOBYBaHHS PO3PaXOBYIOThCS 32

HACTYIHOIO (POPMYJIOIO:

ST
C;=R-t-m:Ry+=—T,

R = 225 rpH — ronuHHa cTaBKa pOOITHHKIB, 1110 BAKOHYIOTH PEMOHT
t = 1.2 roAVHU — TPYJOMICTKICTh OJHOTO PEMOHTY

m = 2 — 4HUCJIO PEMOHTIB 3a PIK

Ry = 2.1 — cymapHa KaTeropist CKJIaJHOCTI PEMOHTY

S = 240 rpH — BapTIiCTh OJHOTUITHUX 3AMIHHUX €JIEMEHTIB (MACTHJIO)
[ = 1 — XUIIBKICTh OJHOTHUITHUX 3aMIHHHUX €JIEMCHTIB

T = 1400 roguH — cepeniHiil TEpMiH CITY»KOH JeTaell JaHOTO TUITY

Ty = 1800 roguH — 4KCII0 TOAMH POOOTH anapaTypu Ha pik

C,=225-12-2-21 4 =2
T Ae T e T 400

- 1800 = 1443 [rpH]
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Po3paxyHOK BapTOCTi CIIOKHUTOI eJIEKTPOeHeprii

[l = 3.8 rpH — BaprTicTh €JEKTpOCHEPrii uIg manpueMcTs (2-ra
KaTeropisi, BACOKOBOJIbTHA Mepexka) 3a 2021 pik

w

5.5
- Ty ==—-1800 = 11000 [kBr]

Wp = 0.9

kBTp

Ce = W11, = 11000 - 3.8 = 41800 [rpH]

BusHaueHHs IHIIUX BUTPAT

Cup = Cy - 0.04 = 752350 - 0.04 = 30094 [rpH]

Excnuryaraniiini BUTpaTu

C =12100 + 752350 + 1443 + 41800 + 30094 = 946687 [rpH]
BucHoBKu

3rifHO 3 TPOBEACHWM pPO3PaXyHKOM MH BHU3HAYWJIM BapTiCTh
KamTaJlbHUX BUTpAT — 161262 rpH, Ta BapTicTh MIOPIYHUX BUTpaT — 946687
rpH. Y ¢i po3paxyHKH OyJIM BUKOHAHI 32 METOJIMYHUMU MaTepiajgamMu Kadeapu
NPUKIAJHOI eKoHoMiku Ta mianpueMaunTBa HTY  «J/lHinmpoBchbka

[MomiTexnikay [12]
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AHani3 6e3neku nig yac ekcnnyarauii

HkinnuBi ¢pakTopu HA BUPOOHUIITBI — 1€ HEOE3MeyH1 PaKkTopu
po60OYOro MpoIecy Y1 YMOB HaBKOJIMIITHBOTO CEPEIOBHILA, SKi MOXKYTh
BIUIMBATH HETATUBHO HA 37I0POB’S ¥ Mpale3IaTHICTh JTIoAuHH. TpuBammii
BIUIMB Ha JIFOJMHY IIKiJJIMBOTO BUPOOHUYOTO (PaKTOpy MPU3BOAUTH HA
3axBOproBaHH:. Ha mpoMuCIOBUX MiANPUEMCTBAX, 1€ BUKOPUCTOBYIOTHCS

€JIEKTPOINPUBOAM, ICHY€ HU3KA MIKIJUIMBUX IS palliBHUKA (PAKTOPIB:

e BilOpaisa mijg yac poOOTH JIBUTYHA

o IlIkignmuBuit mrym
e HemocraTtHs OCBITJIEHICTD

e Enexrponebe3neka

N° dokym.
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Hebe3neunum mikigmmBuM GakTopoM € Takuid pakTop, KOTpHUit
MPU3BOAUTH 0 TPABM, MUTTEBOMY TOTIPIICHHIO 3/I0POB’ Sl IEPCOHAIY i
qac BIUTUBY.

O06’€eKT, IKUN PO3TISIIAETHCS B IaHI POOOTI, Ma€ TaKOXK JIEKUTbKA

oco0JMBUX HeOe3MmeuyHux (HaKTopiB, a caMe:

e V ckiajl eJIeKTPOMEXaHIYHO1 CUCTEMH € YaCTUHH i MeXaH13MHU, SIK1
o0epTarThes,

® YaCTHHH CJICKTPUYHOTO JBUTYHA;

e MOXJIHUBICTh YPaXKEHHS EICKTPUIHUM CTPYMOM;

e [loxexa.

3rigno 3 [IYE (IlpaBuina ynamtyBaHHS €JIE€KTPOYCTaHOBOK), Ha
MIPUEMCTBAX, 1€ BUKOPUCTOBYIOTh MIABICHI IBUTYHH, 3ACTOCOBYIOTHCS
MEpEexXi 3 130J1b0OBaHUM HEHUTPATILHUM MPOBOIOM. Taki 3aco0u CIpUSIOThH
JESKUM O0COOJIMBOCTSM IT1J1 Yac aHali3y HeOe3MeKH ypaKeHHs €JIEKTPUIHUM

CTPYMOM.
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IH:KeHepHO-TeXHIYHI 3aX01H 3 OXOPOHHU NMpali HA MiANPUEMCTBI

JJ1st 3aXKMCTy TIEpCOHAITY, MO0 0OCITYTOBY€E BEPCTAT, BiJl YpaKEHHS
CJIEKTPUYHUM CTPYMOM BHKOPHCTOBYIOTH JIESIK1 3aCO0M 3axucTy. Jlo Takux
3aX0/11B MO>KHA BiJTHECTH OyIb-Ki 3aCO0M 0COOHUCTOTO 3aXUCTY: TyMOBI
pYKaBHIll, 00TH i KUJIUMKH, K1 BUKOPUCTOBYIOT 1] Yac
YBIMKHEHHSI(B1IKTIOUEHHS) P03’ €THYBaUIB 1 BUCOKOBOJIbTHUX IMPUCTPOIB, a
TAKOX I11JT YaC BUBEJICHHS €JIEKTPONPUBOAY Y PEMOHT.

Jlns 6e3nexy poOOTH 111 Yac PEMOHTY €ICKTPUUHUX JIAHITIOTIB
HEO0OX1THO BIAMUKATH IIPUCTPIH BiJl MEPEXKi KUBJICHHS, YIOCKOHAIMTHUCH Y
BIJICYTHOCTI HANPYyTH CIEHIAIbHUM 1HIUKATOPOM, BUKOHATH 3a3€MJICHHS i
BCTAHOBUTH ITakat 3 Harmucom «He Bmukaru! [Ipamrorors noau.» ais
NONEPEKEHHS 1HIIUX MPALIBHUKIB MIANPUEMCTBA. Y Cce
CJICKTPOYCTaTKyBaHHS IOBUHHO OYTH 3a3eMJICHE, OTOPOKCHE 1
1301p0BaHe. PeBepcopu BCTAHOBIIOIOTHCS HA BUCOTI 2-3 METpH, 1100
3amo0IrTH BUTIAJKOBE TOPKAHHS 0 CTPYMOITPOBIAHUX YACTUH
00CITyTrOBYIOUUM TIEPCOHATIOM.

VYci aMu, OTBOPHU Y Mi/1031, IEPEXOU 1 MOCTUKH Y MIPUMIIIEHH1
MOBUHHI OYTHU OTOPOJIXKEH1 NIEpHJIaMU 3aBBUILIKH HE MEHIIe 1 mMeTpa.
3a3eMJICHHIO TaKOX MJUISITaI0Th METAJIEB] YaCTUHU €JIEKTPOYCTATKYBaHb,
K1 3a3BUYAil HE 3HAXOATHCS MM1J1 HAIIPYTO10, ajie, y pa3l MOIIKOHKEHHS
1307111111, MOKYTh OYTH I1JT HEOE3MEYHOIO HANIPYTOl0: MPUBOAA EIEKTPUUHOL
anaparypH, BTOpUHHI 0OOMOTKH BUMIPIOBAJIbHUX TPAaHC(POPMATOPIB, KapKacu
IIUTIB KEPYBAHHS ¥ pO3MOAUIBYUX ITUTIB, METAJICBI Ta 3aJ11300€TOHH1
KOHCTPYKIIii, METajeBl KOopmyca KabelbHUX My(PT, METaJIeB1 00OJIOHKH
ka0emniB. J1Jjig miIKIIFOYEHHS 3a3€MJICHHSI Ha IPUCTPOI MOBUHEH OyTH OOJIT.
HiameTp 6onra HE MeHIT HIX 10 MM ¥ Hanue abo crieriajgbHa HalmKa O11s
HBOTO «3eMJish». Y i 3’€/THaHHA, K1 00’ €IHYIOTh «3€MITIO», IOBUHHI Oy TH
BUKOHAHI1 3BapIOBaHHAM a00 CKpirieH1 OOBTaMu

EN/14.21201-L.0/1 Py

N° dokym. [lodnuce




IIporumno:xeskHe 00J1aTHAHHSA

Jlo cxitary mpOTUTIOKEKHOTO 00J1agHaHHS 000B'I3KOBO BXOISATh
BoraeracHuku (OXBII - 10m 1 OV - 2). Ha Hyn0BI TO3HAYIT
BCTAHOBJICHUH SIIUK 3 MPOTUIIOKEIKHUM 1HBEHTApEM: COKUPH, 6arop, i,
JIOMH, JIOTIaTH, BiJipa, KoHTeHHepH 3 mickoM. Ha Bigmitkax 0; +8,40; +18,00;
+22,80 € mokexH1 17IpaHTH, K1 3a0€31eUyI0ThCs BOAOKO 3 KaMepH

MOXKEKOTaCiHHS, pO3TaIlIOBAHOT Ha HYJILOBIN MO3HAYIl. Y KaMepi
3

. . . M
MOKEeKOTaCiHHS BCTaHOBJIEH1 Tpu Hacocu 4K-6 mpoaykTuBHicTIO 135—, 3
roj

HanopoM 98 MeTpiB. bissg ripaHTIB 3HAXOAATHCS MOKEKHI PYKaBH 3
OpaHIcIOUTaMHU.

Opranizamiitno-TexHiuH1 3axoau 3 6e3neku B HC

OpranizaiiiHuMH 3aX0/1aMu 11010 3a0e3neUeHHs 0e3MeKu poOOTH €:
IHCTPYKTaX;

nepeBipka npua0aHuX 3HaHb 1 HABUYOK;

BHJIaua HAPAJIIB 1 PO3MOPSII>KECHB:

BHJIaua JIO3BOJIIB HA MIJTOTOBKY pOOOYMX MICI[h 1 JOMYCK;

JOTYCK;

HarJIs i 9ac poOoTH;

niepeBeICHHS Ha 1HIIIe poboYe MICIIE;

nepepBy B poOOTi Ta 1 3akiHYeHHS. TeXHIYHUMU 3aX0JaMH 11010
3abe3reueHHsl 0e3MeKu pooiT €:

BUPOOHUIITBO BIAKIIIOUCHBD;
BUBIIIYBaHHS MONEPEHKYBAIBHUX TUIAKATIB, OTOPOJKEHHS POOOYOro Miclis;

nepeBipKa BiICYTHOCTI HAMPYTH, HAKJIAJICHHS 3a3€MJICHHS.
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HanzBuyaiina cutyaiiist Ha TiAIPUEMCTBI

HanzsuuaitHa cutyartis - 11e CTaH, IPH IKOMY B pe3yJbTari
BuHUKHEHHs Jpkepena HC Ha 00'ekTi, BU3HaueH1i TepuTopii abo akBaTopii
MOPYIITYIOTHCSI HOPMaJIbHI YMOBH JKHUTTS 1 JiSTTLHOCTI JIFOJICH, BHHUKAE
3arpo3sa ix JKATTIO 1 37J0pOB'T0, 3aBJAETHCS IITKO/Ia MalHYy.

[Tin TepMiHOM «HAA3BUYAMHA CUTYaLlisH» PO3YMIIOTh HeOe3MeuHe
IPUPOJIHE SBUIIE, aBapito a00 HeOE3MeUHy TEXHOTEHHY MPUTO1y, IIUPOKE
nomupeHHs 1H(EKIIITHOT XBOpoOU 101, CLIIbCHKOTOCTIOAAPCHKUX TBAPUH
1 POCJIMH, a TaKOX 3aCTOCYBaHHS Cy4yaCHHUX 3aC001B ypaskKeHHs, B pe3yJIbTaTi
4oro Bi0yBaeThcst a00 Moske BinOyTucs HC.

Ha mianpuemMcTB1 MOXKYTh CTATUCS TakKl aBapii: BUX1J 3 JIay MallllH,
MEXaHI13MiB, a TAKOX JIHIN eJeKTpornepeaad. Y pasi SKIIo MpaiiBHUK Py
BUKOHAHHI TIOCTaBJICHUX 3aB/laHb 3HENIPUTOMHIB. Lle cTaH, npu sskomy
NOTEPHUINNA HE pearye Ha 30BHIIIHI NOIPAa3HUKHU, IPU I[bOMY JAUXAHHS,
IyJIbC 30€PEXKEHO 1 MOXKHA 3HAUTH, M'A3U po3caadieHi. [Ipu Takomy crasi

JIFOAVUHU HEOOX1IHO:

® OUYHCTHTH JUXAIbHI MIIAXH,

® TIOKJAacTH Ha OiK;

® T[IOBIJOMUTH HaYaJIbHUKY OpUTaAM MPO MOAI0;

® BHKJIMKATH IIBUIKY JOIIOMOTY;

e CIiAyBaTH NOJANBIINM IHCTPYKLISIM Ha4yaJbHUKA.
Mo>kJIMB1 BUNIJAKU TOIIKOJKEHHS KIHI[IBOK MTPH MOMaIaHHI B 00epTOBUI
MexaHi3M. Y JaHii cuTyailii HeoO0X1IHO:

® T[IPOBECTH aBapiiiHe BUMKHEHHS YAHHOTO MEXaHI3MYy;

® ONOBICTUTH HAYAJILHUKA TIPO TIOJIIF0 HA MICIII pOOOTH;

® CIiyBaTH MOJATBIINM BKa3iBKaM Ha4albHUKA,

® SKIIO € MOXKJIUBICTb, IEPEHECTH 3 MICIISI TIOI1i MOTEPIIIOrO 1 Ha/IaTH
MepIry MEJUYHY J0TOMOTY (00poOUTH paHy, HAKJIACTH IITUHY ).
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Haituacrime Ha nianpueMcTBI MOKe BIIOYBaTUCS TTOpa3Ka Mpaltooyoro

NEPCOHANTY eEKTPUIHUM CTpyMOoM. CHMIITOMU HACTYIIHI:

y TIOTEPIILIIOTO BiOYBAETHCS CYOPOKHE CKOPOUCHHS M'SI31B,
KOHBYJIbCII;

KOJIip o0nmmy4st cTae Oianm;

MyJIbC, TUXAHHS CJIa0IIal0Th, BAHUKAE aPUTMIiS;

MO>KJIUBI BTpaTa CBIJOMOCTI, 3ylIMHKA TUXaHHS Ta CEPLIEBOT
JISIBHOCTI.

[Ipu BUHUKHEHH] TAKOTO POAY MOAIT HEOOX1THO:

HC TOPKATHCA O0 HOTepHiHOFO roJIMMH pYKaMH;

BIJIKJIFOUUTHU JHKEPEIo cTpyMy (pyOMIIbHUK, BUMHUKAY, PO3€TKA), SKIIIO

HEMae€

TaKoi MO)KJII/IBOCTi, CKOpHUCTATHUCA iHCTpYMCHTOM, 10 3HaXOoIAThCA B

MPOTHUIIOKEKHOMY SIIUKY (COKHpA), 1 mepepyOaTr CUIIOBI JiHi1
€JICKTPOKUBIICHHS;
MOBIJJOMHUTH CTApPIIOMY IO 00'€KTY MPO BUHUKITY CUTYAIIII0;

IIPY CBIIOMOMY CTaH1 MOTEPIIJIOro, 3IrpiTH HOTO 1 IaTH JIKH Y
BUTJISIL

TabneTku (penaHuyma, Ho3ernama, peHo3enama Ta iH.);

OUIKYBaTH NPUOYTTSI MEAMYHOTO NIEPCOHAITY.
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BuGip cuctemm ocBIiTNEeHHSA

Pobota B mpuMimeHHsIX, 001aJHAaHUX TPOMHUCIOBUMH MEXaHi3MaMu
HEeMOJTHBa 0e3 3a0e3MeUeHHs B HUX ONTUMAJIbHUX TTOKA3HHUKIB OCBITIICHHS
poO0oUYrX TOBEPXOHB. J{J1 ToTprMaHHsI KOMMOPTHUX YMOB TIpalli He0OX1THO
po3paxyBaTH Ta 00paTH CUCTEMY OCBITJICHHS, KEPEJIO CBITJIA 1 CBITHIIBHUK,
BU3HAYMUTH KUTBKICTh CBITHJIBHUKIB JIJIs1 320€3M€UEHHsI HOPMOBAHO1
OCBITJICHOCTI 1 PO3TalllyBaTH iX Ha IJIaHI MPUMIIICHHS.

Tum cBITHIBHUKIB, BCTAHOBIIOBAHUX Y BUPOOHUUUX MTPUMIIICHHSX,
00Mpa€EThCS 3TIAHO 3 TEXHOJIOTTYHUMU YMOBaMH Ta 3 YpaxyBaHHSIM BUMOT
JI0 PO3MOJILTY SICKPABOCTI, 32 yMOBaMH CEPEIOBUIINA, 32 EKOHOMIYHUMU
MOKa3HUKAMH, a TAKOX 3 YpaxyBaHHSIM €CTETUYHUX BUMOT.

JI71s1 Hanoro BUMaaAKy oOpaHO CBITHJIBHUKH 3 JTIOMIHECHICHTHUMU
JaMITaMH.

OO6upaeMo 4aCTKOBO MUJICHEPOHUKHEHHUM CBITUIBHUK [IBJIM-]]
2x80 Bt 3 po3mipamu (1625x270x215 mm). 3rigno i3 CHull 11-4-79,
BHU3HAYEHUI po3psz 30poBoi podotu 1V (a) 3 mapamerpom I' = 0,8.
Koedimient 3anacy oopano 1.5 HaitOiab11 BUTiIHE CITIBBITHOIICHHS
BIJICTaH1 MDDK CBITHJIbHUKAMHU JIO0 PO3PAXyHKOBOT BUCOTH MIABICY JIOPIBHIOE
1.4, amxe KprBa JIIOMIHECIIEHTHOTO CBITUJIILHUKY Mae ¢hopmy kocunyca (/1).

Po3paxyHkoBa BuCOTa MiJIBICY:

h=H—heg—hy, = 2.9 [m]

EN/14.21201-L.0/1 Py
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Po3paxoByeMoO KiTBKICTh CBITHJIBHUKIB 3 JTFOMIHECIICHTHUMU JIAMITAMMU:
BIJICTaHb MIXK PSiJTaMU CBITUIILHUKIB
L =Ah =4.75 [M]

KinbKicTh psifiB CBITHIILHUKIB

A
N, = = 1
p
KinbKkicTh CBITHIIBHUKIB Y psii
Cp == =
Le
OTxe, 3riIHO 3 PO3paxXyHKaMH, 3arajibHa KUIbKICTh CBITUJIBHUKIB N =
No, =5
Bincranp mMixk kpaifHIMU CBITWJIBHUKAMH 1 cTiHOIO [ = 1.218

Busznauenns koediiieHTa BAKOPUCTAHHS 1)

AB

e

I
pn = 0.7

pe. = 0.5

Po3paxyHOK OCBITJIEHHS METOAOM Koe(illieHTa BUKOPUCTAHHS

E = 150 ak;

N,
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HeoOxigHuii CBITIIOBU MOTIK JIaMIT Y KO)KHOMY CBITHJIBHUKY

& — ESkz
= N

= 4950 [1M]

Jle E - HopMOBaHa MiHIMaJIbHA OCBITJICHICT, JIK (BIIOBIIHO JIO PO3PSAY

30poBOi poboTH), k - koedimieHT 3anacy, S - OCBiT/IIOBaHA MO, M | Z -
Koe(irieHT MiHIMaIbHOI OCBITJIEHOCTI, N - UHCIIO CBITHIIBHUKIB Y
OPUMIIICHH]; M - KOe(il[IEHT BUKOPUCTaHHS CBITIOBOrO MOTOKY. OOpaHa

nmamia JITB80-4 3 cBitiioBuM nmotokom 5220 nmm

VYci po3paxyHku Oyiav BUKOHaHI 32 METOJIMYHUMU BKa3ziBKamMu Kadeapu

aepoutorii Ta oxoponu npami HTY «/IninpoBcbka [TomiTexHika» [13]
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main.c

*

* app.c
* - Main application file

#include "app.h"

#tinclude <printf.h>

int main(void)

{

App_Initialize();

printf_init();

PRINTF("__peripheral_server has started!\n");

while (1)

{

// Schedule all pending events.

Kernel_Schedule();

/* Refresh the watchdog timer */

Sys_Watchdog_Refresh();

/* Wait for an event before executing the scheduler again */
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SYS_WAIT_FOR_EVENT;

}
}
app.h
/* ____________________________________________________________________________

Copyright (c) 2015-2017 Semiconductor Components Industries, LLC (d/b/a

ON Semiconductor), All Rights Reserved

Copyright (C) RivieraWaves 2009-2016

This module is derived in part from example code provided by RivieraWaves
and as such the underlying code is the property of RivieraWaves [a member

of the CEVA, Inc. group of companies], together with additional code which
is the property of ON Semiconductor. The code (in whole or any part) may not
be redistributed in any form without prior written permission from

ON Semiconductor.

The terms of use and warranty for this code are covered by contractual

agreements between ON Semiconductor and the licensee.

This is Reusable Code.

app.h

- Main application header

t#tifndef APP_H
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t#tdefine APP_H

* If building with a C++ compiler, make all of the definitions in this header

* have a C binding.

#ifdef _ cplusplus
extern "C"

{

t#tendif /* ifdef _ cplusplus */

#tinclude <rslie.h>

#include <rsl10 ke.h>
#tinclude <rsli1@ ble.h>
#tinclude <rsll1@ profiles.h>
#include <rsl1@_map_nvr.h>
#tinclude <stdbool.h>
#include <rsli1@_flash_rom.h>

#tinclude <rsl1@ protocol.h>

#include "ble std.h"
#include "ble_custom.h"

#include "ble_bass.h"
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* Defines

/* DIO number that is used for easy re-flashing (recovery mode) */

t#tdefine RECOVERY_DIO 12

/* DIO number that is connected to LED of EVB */

#define LED_DIO_NUM 6

/* Output power */

#define OUTPUT_POWER_DBM 0

/* Minimum and maximum VBAT measurements */
#define VBAT_1p1V_MEASURED 0x1200

#define VBAT_1p4V_MEASURED Oxl6cc

/* Maximum battery level */

#define BAT_LVL_MAX 100

/* Set timer to 200 ms (20 times the 10 ms kernel timer resolution) */

#define TIMER_200MS_SETTING 20

/* Set timer to 2s (200 times the 10 ms kernel timer resolution) */

#define TIMER_2S_SETTING 200

typedef void (*appm_add_svc_func_t)(void);
ttdefine DEFINE_SERVICE_ADD_ FUNCTION(func) (appm_add_svc_func_t)func

t#tdefine DEFINE_MESSAGE_HANDLER(message, handler) { message, \
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(ke_msg_func_t)handler }

/* List of message handlers that are used by the different profiles/services */

#define APP_MESSAGE_HANDLER_LIST \
DEFINE_MESSAGE_HANDLER(APP_TEST_TIMER, APP_Timer), \

DEFINE_MESSAGE_HANDLER(LED_TIMER, LED_Timer)

/* List of functions used to create the database */
#define SERVICE_ADD_FUNCTION_LIST \
DEFINE_SERVICE_ADD_ FUNCTION(Batt_ServiceAdd_Server), \

DEFINE_SERVICE_ADD_FUNCTION(CustomService_ServiceAdd)

typedef void (*appm_enable_svc_func_t)(uint8_t);

t#tdefine DEFINE_SERVICE_ENABLE_FUNCTION(func) (appm_enable_svc_func_t)func

/* List of functions used to enable client services */
t#tdefine SERVICE_ENABLE_FUNCTION_LIST \

DEFINE_SERVICE_ENABLE_FUNCTION(Batt_ServiceEnable_Server)

extern const struct ke_task_desc TASK_DESC_APP;

/* APP Task messages */
enum appm_msg

{

APPM_DUMMY _MSG = TASK_FIRST_MSG(TASK_ID APP),
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/* Timer used to have a tick periodically for application */

APP_TEST_TIMER,

/* Timer used to control the behavior of the LED_DIO NUM according to
* the connection states */

LED TIMER,

}s

struct app_env_tag

{

/* Battery service */

uint8_t batt_1vl;

uint32_t sum_batt_1vl;

uintl6_t num_batt_read;

bool send_batt_ntf[NUM_MASTERS];
¥

/* Support for the application manager and the application environment */

extern struct app_env_tag app_env;

/* List of functions used to create the database */

extern const appm_add_svc_func_t appm_add_svc_func_list[];
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extern

extern

extern

extern

extern

extern

int ADC_READ(void);

void App_Initialize(void);

void App_Env_Initialize(void);

int APP_Timer(ke_msg id_t const msg_id, void const *param,
ke_task_id_t const dest_id,

ke _task_id_t const src_id);

int LED_Timer(ke_msg id t const msg_id, void const *param,
ke_task_id_t const dest_id,

ke_task_id_t const src_id);

int Msg_Handler(ke_msg id t const msgid, void *paranm,
ke_task_id_t const dest_id,

ke _task_id_t const src_id);

* Close the 'extern "C"' block

#ifdef

}

#endif

#tendif

__cplusplus

/* ifdef _ cplusplus */

/* APP_H */
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* Copyright (c) 2015-2017 Semiconductor Components Industries, LLC (d/b/a

* ON Semiconductor), All Rights Reserved

* This code is the property of ON Semiconductor and may not be redistributed
* in any form without prior written permission from ON Semiconductor.
* The terms of use and warranty for this code are covered by contractual

* agreements between ON Semiconductor and the licensee.

* This is Reusable Code.

* app_init.c

* - Application initialization

t#tinclude "app.h"

/* Application Environment Structure */

struct app_env_tag app_env;

/* ____________________________________________________________________________
* Function void App Initialize(void)
K e e e e e e e e e e e = ——— o ————
* Description : Initialize the system for proper application execution
* Inputs ¢ None
* OQutputs : None
* Assumptions : None
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void App_Initialize(void)
{
/* Mask all interrupts */

__set_PRIMASK(PRIMASK_DISABLE_INTERRUPTS);

/* Disable all interrupts and clear any pending interrupts */
Sys_NVIC DisableAllInt();

Sys_NVIC_ClearAllPendingInt();

/* Test DIO12 to pause the program to make it easy to re-flash */
DIO->CFG[RECOVERY_DIO] = DIO_MODE_INPUT | DIO_WEAK_PULL_UP |
DIO_LPF_DISABLE | DIO_6X_DRIVE;

while (DIO_DATA->ALIAS[RECOVERY_DIO] == 0);

/* Configure the current trim settings for VCC, VDDA */
ACS_VCC_CTRL->ICH_TRIM_BYTE = VCC_ICHTRIM_16MA_BYTE;

ACS_VDDA_CP_CTRL->PTRIM BYTE = VDDA_PTRIM_16MA_BYTE;

/* Start 48 MHz XTAL oscillator */
ACS_VDDRF_CTRL->ENABLE_ALIAS = VDDRF_ENABLE_BITBAND;

ACS_VDDRF_CTRL->CLAMP_ALIAS = VDDRF_DISABLE_HIZ_BITBAND;

/* Wait until VDDRF supply has powered up */

while (ACS_VDDRF_CTRL->READY_ALIAS != VDDRF_READY_BITBAND);

/* Disable RF TX power amplifier supply voltage and

* connect the switched output to VDDRF regulator */
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ACS_VDDPA_CTRL->ENABLE_ALIAS = VDDPA_DISABLE_BITBAND;

ACS_VDDPA_CTRL->VDDPA_SW_CTRL_ALIAS = VDDPA_SW_VDDRF_BITBAND;

/* Enable RF power switches */

SYSCTRL_RF_POWER_CFG->RF_POWER_ALIAS = RF_POWER_ENABLE_BITBAND;

/* Remove RF isolation */

SYSCTRL_RF_ACCESS_CFG->RF_ACCESS_ALIAS = RF_ACCESS_ENABLE_BITBAND;

/* Start the 48 MHz oscillator without changing the other register bits */
RF->XTAL_CTRL = ((RF->XTAL_CTRL & ~XTAL_CTRL_DISABLE_OSCILLATOR) |

XTAL_CTRL_REG_VALUE_SEL_INTERNAL);

/* Enable the 48 MHz oscillator divider using the desired prescale value */

RF_REG2F->CK_DIV_1 6 CK_DIV_1 6 BYTE = CK_DIV_1_6_PRESCALE_6_BYTE;

/* Wait until 48 MHz oscillator is started */
while (RF_REG39->ANALOG_INFO _CLK_DIG_READY_ALIAS !=

ANALOG_INFO_CLK_DIG_READY_BITBAND);

/* Switch to (divided 48 MHz) oscillator clock */
Sys_Clocks_SystemClkConfig(JTCK_PRESCALE_1 |
EXTCLK_PRESCALE_1 |

SYSCLK_CLKSRC_RFCLK);

/* Configure clock dividers */
CLK->DIV_CFG@® = (SLOWCLK PRESCALE_8 | BBCLK_PRESCALE 1 |

USRCLK_PRESCALE_1);
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CLK->DIV_CFG2 = (CPCLK_PRESCALE_8 | DCCLK_PRESCALE_2);

BBIF->CTRL = (BB_CLK_ENABLE | BBCLK_DIVIDER 8 | BB_WAKEUP);

/* Configure ADC channel © to measure VBAT/2 */
/*Sys_ADC_Set_Config(ADC_VBAT_DIV2_NORMAL | ADC_NORMAL |
ADC_PRESCALE_6400);*/
Sys_ADC_InputSelectConfig(s,
(ADC_NEG_INPUT_GND |

ADC_POS_INPUT_VBAT_DIV2));

Sys_DIO_Config(@, DIO_MODE_GPIO OUT_ 1);

Sys_DIO Config(l, DIO_MODE_GPIO_IN_©);
Sys_ADC_InputSelectConfig(1,
(ADC_NEG_INPUT_GND |
ADC_POS_INPUT DIO1));
Sys_DIO Config(3, DIO_MODE_GPIO IN 0);
Sys_ADC_InputSelectConfig(3,
(ADC_NEG_INPUT _GND |
ADC_POS_INPUT_DIO3));
/* Configure DIOs */

Sys_DIO_Config(LED_DIO_NUM, DIO_MODE_GPIO_OUT_@);

/* Initialize the baseband and BLE stack */

BLE_Initialize();

/* Set radio output power of RF */
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Sys_RFFE_SetTXPower (OUTPUT_POWER_DBM);

/* Initialize environment */

App_Env_Initialize();

/* Stop masking interrupts */
__set_PRIMASK(PRIMASK_ENABLE_INTERRUPTS);

__set_FAULTMASK (FAULTMASK_ENABLE_INTERRUPTS);

}
22
* Function void App Env_Initialize(void)
K o e e e e e e e e e e e o m m m m m  m m  — — — — ———_——— —————
* Description : Initialize application environment
* Inputs : None
* Outputs : None
* Assumptions : None
K e e e e e e e e e e e

void App_Env_Initialize(void)
{
/* Reset the application manager environment */

memset (&app_env, 0, sizeof(app_env));

/* Create the application task handler */

ke_task_create(TASK_APP, &TASK_DESC_APP);

/* Initialize the custom service environment */

CustomService_Env_Initialize();
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/* Initialize the battery service server environment */

Bass_Env_Initialize();

ble_custom.c

* Copyright (c) 2015-2017 Semiconductor Components Industries, LLC (d/b/a

* ON Semiconductor), All Rights Reserved

* This code is the property of ON Semiconductor and may not be redistributed

* in any form without prior written permission from ON Semiconductor.

* The terms of use and warranty for this code are covered by contractual

* agreements between ON Semiconductor and the licensee.

* This is Reusable Code.

* ble_custom.c

* - Bluetooth custom service functions

#include "app.h"

#include <printf.h>

/* Global variable definition cs_env[i]. */
struct cs_env_tag cs_env[NUM_MASTERS];

const uint32_t cs_atts_len[] = {
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[CS_IDX TX_VALUE_VAL]

CS_TX_VALUE_MAX_LENGTH,

[CS_IDX RX_VALUE_VAL]

CS_RX_VALUE_MAX_LENGTH,

[CS_IDX TX_LONG VALUE_VAL] = CS_TX_LONG_VALUE_MAX_LENGTH,

[CS_IDX RX_LONG_VALUE _VAL] = CS_RX_LONG_VALUE_MAX_LENGTH,

1

int ADC_READ(void)

{

/*Sys_ADC_Set_Config(ADC_VBAT DIV2_NORMAL | ADC_NORMAL |

ADC_PRESCALE_6400) ;*/

ADC->CFG = (ADC_PRESCALE_200 & ((1U << ADC_CFG_DUTY_DIVIDER Pos) |
/*(1U << ADC_CFG_CONTINUOUS_MODE_Pos ) | */

ADC_CFG_FREQ_Mask));

uint32_t v_batt = (ADC->DATA_TRIM_CH[5] * 2); // V_batt
uint32_t v_r31 = ADC->DATA_TRIM_CH[1]; // V_R1 module 1
uint32_t v_r33 = ADC->DATA_TRIM_CH[3]; // V_R1 module 3

for (unsigned int i = @; i < NUM_MASTERS; i++)

{

cs_env[i].tx_value[9]

(v_batt >> 24) & OxFF;

cs_env[i].tx_value[1] (v_batt >> 16) & OxFF;

cs_env[i].tx_value[2] (v_batt >> 8) & OxFF;

cs_env[i].tx_value[3] v_batt & OxFF;
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cs_env[i].tx_value[4]

(v_r31 >> 24) & OxFF;

cs_env[i].tx_value[5] (v_r31 >> 16) & OxFF;

cs_env[i].tx_value[6] (v_r31 >> 8) & OxFF;

cs_env[i].tx_value[7] v_r31 & OxFF;

cs_env[i].tx_value[8]

(v_r33 >> 24) & OxFF;

cs_env[i].tx_value[9]

(v_r33 >> 16) & OxFF;
cs_env[i].tx_value[10]= (v_r33 >> 8) & OxFF;

cs_env[i].tx_value[11l]= v_r33 & OxFF;

for(uint8_t o = 12; o < CS_TX_VALUE_MAX_LENGTH; o++)

cs_env[i].tx_value[o] = ©;

}
return 1;
}
/* ____________________________________________________________________________
* Function void CustomService Env_Initialize(void)
K o e e e e e e e e e e e e e ——————————— ———
* Description : Initialize custom service environment
* Inputs : None
* OQutputs : None
* Assumptions : None
K o e e e e e e e e e e e e e e e e e — e — e ——————————— */

void CustomService_ Env_Initialize(void)

{
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PRINTF("!!! CustomService Env_Initialize\n");

for (unsigned int i = @; i < NUM_MASTERS; i++)

{

/* Reset the application manager environment */

memset (&cs_env[i], @, sizeof(struct cs_env_tag));

cs_env[i].sent_success = true;

cs_env[i].tx_cccd_value

cs_env[i].rx_cccd_value

* Description

* Inputs
* Qutputs

* Assumptions

ATT_CCC_START_NTF;

0;

: Send request to add custom profile into the attribute

database.Defines the different access functions

(setter/getter commands to access the different

characteristic attributes).

: None

: None

: None

void CustomService_ServiceAdd(void)

{

struct gattm_add_svc_req *req =

KE_MSG_ALLOC_DYN(GATTM_ADD_SVC_REQ,

TASK_GATTM, TASK_APP,

gattm_add_svc_req,
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CS_IDX NB * sizeof(struct gattm_att_desc));

const uint8_ t svc_uuid[ATT_UUID_128 LEN] = CS_SVC_UUID;

const struct gattm_att_desc att[CS_IDX NB] =

{

/* Attribute Index = Attribute properties: UUID,

*

/* TX Characteristic */

[CS_IDX_TX_VALUE_CHAR]

[CS_IDX_TX_VALUE_VAL]

Permissions,
Max size,

Extra permissions */

ATT_DECL_CHAR(),

ATT_DECL_CHAR_UUID_128(CS_CHARACTERISTIC_TX_UUID,

PERM(NTF, ENABLE),

CS_TX_VALUE_MAX_LENGTH),

[CS_IDX_TX_VALUE_CCC]

[CS_IDX_TX_VALUE_USR_DSCP]

PERM(RD, ENABLE) |

ATT_DECL_CHAR_CCC(),

ATT_DECL_CHAR_USER_DESC(CS_USER_DESCRIPTION_MAX_LENGTH),

/* RX Characteristic */

[CS_IDX_RX_VALUE_CHAR]

= ATT_DECL_CHAR(),
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[CS_IDX_RX_VALUE_VAL]

ATT_DECL_CHAR_UUID_128(CS_CHARACTERISTIC_RX_UUID,

PERM(WRITE_REQ, ENABLE)

ENABLE),

CS_RX_VALUE_MAX_LENGTH),

[CS_IDX_RX_VALUE_CCC]

[CS_IDX_RX_VALUE_USR_DSCP]

PERM(RD, ENABLE) |

| PERM(WRITE_COMMAND,

ATT_DECL_CHAR_CCC(),

ATT_DECL_CHAR_USER_DESC(CS_USER_DESCRIPTION_MAX_LENGTH),

/* TX long Characteristic */

[CS_IDX_TX_LONG_VALUE_CHAR]

[CS_IDX_TX_LONG VALUE VAL ]

ATT_DECL_CHAR(),

ATT_DECL_CHAR_UUID_128(CS_CHARACTERISTIC_TX_LONG_UUID,

CS_TX_LONG_VALUE_MAX_LENGTH),

PERM(RD, ENABLE),

[CS_IDX TX_LONG_VALUE_USR_DSCP] =

ATT_DECL_CHAR_USER_DESC(CS_USER_DESCRIPTION_MAX_LENGTH),

/* RX long Characteristic */

[CS_IDX_RX_LONG_VALUE_CHAR]

= ATT_DECL_CHAR(),
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[CS_IDX RX_LONG_VALUE VAL] =
ATT_DECL_CHAR_UUID 128(CS_CHARACTERISTIC_RX_LONG_UUID,
PERM(RD, ENABLE) |

PERM(WRITE_REQ, ENABLE)

PERM(WRITE_COMMAND, ENABLE),

CS_RX_LONG_VALUE_MAX_LENGTH),

[CS_IDX_RX_LONG VALUE USR_DSCP] =
ATT_DECL_CHAR_USER_DESC(CS_USER_DESCRIPTION_MAX_LENGTH),

}s

/* Fill the add custom service message */
req->svc_desc.start_hdl = 0;

req->svc_desc.task_id = TASK_APP;
req->svc_desc.perm = PERM(SVC_UUID_LEN, UUID_128);

req->svc_desc.nb_att = CS_IDX NB;

memcpy (&req->svc_desc.uuid[@], &svc_uuid[@], ATT_UUID 128 LEN);

for (unsigned int i = ©; i < CS_IDX NB; i++)

{

memcpy (&req->svc_desc.atts[i], &att[i],

sizeof(struct gattm att desc));

/* Send the message */

EN1114.21207-C. AppA

N° dokym. [lodnuce

92




ble custom.c

ke_msg_send(req);

* Function

* Description

* Inputs

* Qutputs

* Assumptions

: int GATTM_AddSvcRsp(ke msg id t const msg id,

struct gattm_add_svc_rsp
const *param,
ke_task_id_t const dest_id,

ke task_id t const src_id)

: Handle the response from adding a service in the attribute

database from the GATT manager

- msg_id - Kernel message ID number
- param - Message parameters in format of

struct gattm_add_svc_rsp

dest_id - Destination task ID number
- src_id - Source task ID number
return value - Indicate if the message was consumed;

compare with KE_MSG_CONSUMED

int GATTM_AddSvcRsp(ke msg id t const msg_id,

struct gattm_add_svc_rsp const *param,
ke_task_id_t const dest_id,

ke task_id t const src_id)

for (unsigned int i = ©; i < NUM_MASTERS; i++)

{
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cs_env[i].start_hdl = param->start_hdl;

PRINTF("__CUSTOM SERVICE ADDED\n");
/* Add the next requested service */

if (!Service_Add())

{
/* All services have been added, go to the ready state
* and start advertising */
for (unsigned int i = ©; i < NUM_MASTERS; i++)
{
ble_env[i].state = APPM_READY;
}
Advertising Start();
}

return (KE_MSG_CONSUMED);

}
/* ____________________________________________________________________________
* Function : int GATTC_ReadReqInd(ke_msg_id_t const msg_id,
* struct gattc_read_req_ind
* const *param,
* ke_task_id_t const dest_id,
* ke task_id_t const src_id)
K o e e e e e e e e e e e e e e e e —  — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — ———— e ————————
* Description : Handle received read request indication
* from a GATT Controller
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*

*

*

Inputs : - msg_id - Kernel message ID number
- param - Message parameters in format of

struct gattc_read_req_ind

- dest_id - Destination task ID number
- src_id - Source task ID number
Outputs : return value - Indicate if the message was consumed;

compare with KE_MSG_CONSUMED

Assumptions : None

int GATTC_ReadReqInd(ke_msg id t const msg_id,

struct gattc_read_req_ind const *param,
ke_task_id_t const dest_id,

ke _task_id t const src_id)

uint8_t length

9;

uint8_t status

GAP_ERR_NO_ERROR;
uintle_t attnum;

uint8_t *valptr = NULL;

/* Retrieve the index of environment structure representing peer device */

signed int device_indx = Find_Connected_Device_Index(KE_IDX_GET(src_id));

if (device_indx == INVALID_DEV_IDX)

{

return (KE_MSG_CONSUMED);

struct gattc_read_cfm *cfm;
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/* Set the attribute handle using the attribute index
* in the custom service */

if (param->handle > cs_env[device_indx].start_hdl)

{
attnum = (param->handle - cs_env[device_indx].start_hdl - 1);
}
else
{
status = ATT_ERR_INVALID HANDLE;
}

/* If there is no error, send back the requested attribute value */
if (status == GAP_ERR_NO_ERROR)
{

switch (attnum)

{

case CS_IDX RX_VALUE_VAL:

{

length = CS_RX_VALUE_MAX_LENGTH;

valptr = (uint8_t *)&cs_env[device_indx].rx_value;
}
break;

case CS_IDX RX_VALUE_CCC:

{

length = 2;

valptr = (uint8_t *)&cs_env[device_indx].rx_cccd_value;
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break;

case CS_IDX RX_VALUE_USR_DSCP:

{
length = strlen(CS_RX_CHARACTERISTIC_NAME);
valptr = (uint8 t *)CS_RX_CHARACTERISTIC_NAME;
}
break;

case CS_IDX TX_VALUE_VAL:

{

ADC_READ();

length = CS_TX_VALUE_MAX_LENGTH;

valptr = (uint8_t *)&cs_env[device_indx].tx_value;
}
break;

case CS_IDX TX_VALUE_CCC:

{

length = 2;

valptr = (uint8_t *)&cs_env[device_indx].tx_cccd _value;
}
break;

case CS_IDX TX_VALUE_USR_DSCP:

{

length = strlen(CS_TX_CHARACTERISTIC_NAME);
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valptr = (uint8_t *)CS_TX_CHARACTERISTIC_NAME;

break;

/* RX long characteristic*/

case CS_IDX RX_LONG VALUE_VAL:

{

length = CS_RX_LONG_VALUE_MAX_LENGTH;

valptr = (uint8_t *)&cs_env[device_indx].rx_long value;
}
break;

case CS_IDX RX_LONG_VALUE_USR DSCP:

{
length = strlen(CS_RX_LONG_CHARACTERISTIC_NAME);
valptr = (uint8_t *)CS_RX_LONG_CHARACTERISTIC_NAME;
}
break;

/* TX long characteristic */

case CS_IDX TX_LONG_VALUE_VAL:

{

length = CS_TX_LONG_VALUE_MAX_LENGTH;

valptr = (uint8_t *)&cs_env[device indx].tx_long value;
}
break;

case CS_IDX TX_LONG_VALUE_USR_DSCP:
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strlen(CS_TX_LONG_CHARACTERISTIC_NAME);

(uint8_t *)CS_TX_LONG_CHARACTERISTIC_NAME;

status = ATT_ERR_READ NOT_PERMITTED;

{
length =
valptr =
}
break;
default:
{
}
break;

/* Allocate and build message */

cfm

= KE_MSG_ALLOC_DYN(GATTC_READ_CFM,

if (valptr != NULL)

{

cfm->handle
cfm->length

cfm->status

KE_BUILD_ID(TASK GATTC, ble_env[device_indx].conidx),
TASK_APP,

gattc_read_cfm, length);

memcpy (cfm->value, valptr, length);

length;

status;

param->handle;

EN1114.21207-C. AppA

N° dokym. [lodnuce

99




ble custom.c

/* Send the message */

ke_msg_send(cfm);

return (KE_MSG_CONSUMED);

* Function

* Description

* Inputs

* Qutputs

* Assumptions

: int GATTC WriteReqInd(ke_msg id_t const msg_id,

struct gattc_write_req_ind
const *param,
ke task_id_t const dest id,

ke _task_id_t const src_id)

: Handle received write request indication

from a GATT Controller

- msg_id - Kernel message ID number
- param - Message parameters in format of

struct gattc_write_req_ind
- dest_id - Destination task ID number
- src_id - Source task ID number
return value - Indicate if the message was consumed;

compare with KE_MSG_CONSUMED

int GATTC_WriteReqInd(ke msg id_t const msg_id,

struct gattc_write_req_ind const *param,

ke_task_id_t const dest_id,
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ke _task_id_t const src_id)

/* Retrieve the index of environment structure representing peer device */

signed int device_indx = Find_Connected_Device_Index(KE_IDX GET(src_id));

if (device_indx == INVALID DEV_IDX)

{

return (KE_MSG_CONSUMED);

struct gattc_write cfm *cfm =
KE_MSG_ALLOC(GATTC_WRITE_CFM,
KE_BUILD_ID(TASK GATTC, ble_env[device_indx].conidx),

TASK_APP, gattc_write_cfm);

uint8_t status = GAP_ERR_NO_ERROR;
uintle_t attnum;

uint8_t *valptr = NULL;

/* Check that offset is not zero */

if (param->offset)

{

status = ATT_ERR_INVALID_ OFFSET;

/* Set the attribute handle using the attribute index
* in the custom service */

if (param->handle > cs_env[device_indx].start_hdl)
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{

attn
}
else
{

stat
}
/* If th
if (stat
{

swit

{

um

(param->handle - cs_env[device indx].start_hdl - 1);

us

ATT_ERR_INVALID_ HANDLE;

ere is no error, save the requested attribute value */

us == GAP_ERR_NO_ERROR)

ch (attnum)

case CS_IDX RX_VALUE_VAL:

{
valptr = (uint8_t *)&cs_env[device_indx].rx_value;
cs_env[device_indx].rx_value changed = 1;

}

break;

case CS_IDX RX_VALUE_CCC:

{

valptr = (uint8_t *)&cs_env[device_indx].rx_cccd_value;
}
break;

case CS_IDX TX_VALUE_CCC:

{
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valptr = (uint8_t *)&cs_env[device_indx].tx_cccd_value;

break;

case CS_IDX RX_LONG VALUE VAL :

{
valptr = (uint8_t *)&cs_env[device_indx].rx_long value;
cs_env[device_indx].rx_long_value_changed = 1;

}

break;

default:

{
status = ATT_ERR_WRITE_NOT_PERMITTED;

}

break;

if (valptr != NULL)

{

memcpy(valptr, param->value, param->length);

cfm->handle

param->handle;

cfm->status status;

/* Send the message */
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ke_msg_send(cfm);

return (KE_MSG_CONSUMED);

: void CustomService SendNotification(uint8 t conidx,
* uint8_t attidx, uint8_t *value, uint8_t length)

* Description

: Send a notification to the client device

* Inputs - conidx - connection index

* - attidx - index to attributes in the service

* - value - pointer to value

* - length - length of value

* Qutputs : None

* Assumptions : None

K L o e o o e e e e e e e e e e ————————— —— */

void CustomService_SendNotification(uint8_t conidx, uint8 t attidx,

uint8_t *value, uint8_t length)

struct gattc_send_evt_cmd *cmd;

/* Retrieve the index of environment structure representing peer device */

signed int device_indx = Find_Connected Device_Index(conidx);

uintl6_t handle = (attidx + cs_env[device_indx].start_hdl + 1);

if (device_indx == INVALID_DEV_IDX)
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{

return;

/* Prepare a notification message for the specified attribute */

cmd = KE_MSG_ALLOC_DYN(GATTC_SEND _EVT_CMD,
KE_BUILD_ID(TASK GATTC, conidx), TASK_APP,
gattc_send_evt_cmd,

length * sizeof(uint8_t));

cmd->handle handle;

cmd->length length;
cmd->operation = GATTC_NOTIFY;
cmd->seq_num = 0;

memcpy (cmd->value, value, length);

cs_env[device_indx].sent_success = false;

/* Send the message */

ke_msg_send(cmd);

}
/22
* Function : int GATTC_CmpEvt(ke_msg_id_t const msg_id,
* struct gattc_cmp_evt
* const *param,
* ke_task_id_t const dest_id,
* ke task _id t const src_id)
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* Description

* Inputs

*

* Outputs

* Assumptions

: Handle received GATT controller complete event

- msg_id - Kernel message ID number
- param - Message parameters in format of

struct gattc_cmp_evt

- dest_id - Destination task ID number

- src_id - Source task ID number

return value - Indicate if the message was consumed;

compare with KE_MSG_CONSUMED

int GATTC_CmpEvt(ke msg id t const msg_id,

struct gattc_cmp_evt const *param,

ke _task_id_t const dest_id, ke task_id_t const src_id)

/* Retrieve the index of environment structure representing peer device */

signed int device_indx = Find_Connected_Device_Index(KE_IDX GET(src_id));

if (device_indx == INVALID DEV_IDX)

{

return (KE_MSG_CONSUMED);

if (param->operation

{

== GATTC_NOTIFY)

if (param->status == GAP_ERR NO_ERROR ||

param->status == GAP_ERR_DISCONNECTED)

cs_env[device_indx].sent_success = true;
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}

return (KE_MSG_CONSUMED);

* Function

* Description

* Inputs

* Outputs

* Assumptions

: int GATTC_AttInfoReqInd(

ke _msg id_t const msg id,
struct gattc_read_req_ind const *param,
ke task _id t const dest _id,

ke task _id t const src_id)

Request Attribute info to upper layer

could be trigger during prepare write to check if attribute

modification is authorized by profile/application or not and

to get current
- msg_id -

- param -

- dest_id -
- src_id -

return value -

attribute length

Kernel message ID number

Message parameters in format of
struct gattc_read_req_ind

Destination task ID number

Source task ID number

Indicate if the message was consumed;

compare with KE_MSG_CONSUMED

int GATTC_AttInfoReqInd(ke _msg id_t const msg_id,
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struct gattc_read_req_ind const *param,
ke_task_id_t const dest_id,

ke _task_id_t const src_id)

signed int device_indx = Find_Connected_Device_Index(KE_IDX GET(src_id));
if (device_indx == INVALID DEV_IDX)
{

return (KE_MSG_CONSUMED);

uintlée_t attnum;

attnum = (param->handle - cs_env[device_indx].start_hdl - 1);

/* Attribute Information confirmation message to inform if peer
* device is authorized to modify attribute value, and to get current
* attribute length.
*/
struct gattc_att_info_cfm *cfm =
KE_MSG_ALLOC(GATTC_ATT_INFO_CFM,
KE_BUILD_ID(TASK GATTC, ble_env[device_indx].conidx),

TASK_APP, gattc_att_info_cfm);

if (attnum == CS_IDX_RX_VALUE_VAL ||

attnum == CS_IDX_RX_LONG_VALUE_VAL)

cfm->handle = param->handle;

cfm->length cs_atts_len[attnum];

cfm->status GAP_ERR_NO_ERROR;
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/* Send the message */

ke_msg_send(cfm);

return (KE_MSG_CONSUMED);

ble _custom.h

* Copyright (c) 2015-2017 Semiconductor Components Industries, LLC (d/b/a

* ON Semiconductor), All Rights Reserved

* This code is the property of ON Semiconductor and may not be redistributed
* in any form without prior written permission from ON Semiconductor.
* The terms of use and warranty for this code are covered by contractual

* agreements between ON Semiconductor and the licensee.

* This is Reusable Code.

* ble_custom.h

* - Bluetooth custom service header

#ifndef BLE_CUSTOM_H

#define BLE_CUSTOM_H
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* If building with a C++ compiler, make all of the definitions in this header

* have a C binding. Oxe®

#ifdef _ cplusplus
extern "C"

{

#tendif /* ifdef _ cplusplus */

/* Custom service UUIDs */

#define CS_SVC_UUID

#define CS_CHARACTERISTIC_TX_UUID

#tdefine CS_CHARACTERISTIC_RX_UUID

t#tdefine CS_CHARACTERISTIC_TX_LONG_UUID

0x24, Oxdc, OxQe, Ox6e, 0x01,
Oxca, Ox9e, Oxe5, 0xa9, 0xa3,
Oxb5, Oxf3, 0x93, Oxe0 }
0x24, Oxdc, OxQe, Ox6e, 0x02,
Oxca, Ox9e, Oxe5, 0xa9, 0Oxa3,
oxb5, Oxf3, ©x93, Oxe0 }
0x24, Oxdc, OxQe, Ox6e, 0x03,
Oxca, Ox9e, Oxe5, ©Oxa9, ©Oxa3,
oxb5, Oxf3, ©x93, Oxe0 }

0x24, Oxdc, OxQe, Ox6e, 0x04,

0x40,

0x00,

ox40,

0x00,

ox40,

0x00,

ox40,
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Oxca, Ox9e, oxe5, ©xa9, Oxa3, 0x00, \
oxb5, Oxf3, ©x93, Oxe0 }

#tdefine CS_CHARACTERISTIC_RX_ LONG_UUID { ©x24, Oxdc, 0xPe, Ox6e, 0x05, 0x40, \
Oxca, Ox9e, Oxe5, Oxa9, Oxa3, 0x00, \

oxb5, Oxf3, ©x93, Oxe0 }

#define ATT_DECL_CHAR() \

{ ATT_DECL_CHARACTERISTIC_128, PERM(RD, ENABLE), 0, © }
t#tdefine ATT_DECL_CHAR_UUID_16(uuid, perm, max_length) \

{ uuid, perm, max_length, PERM(RI, ENABLE) | PERM(UUID_ LEN, UUID 16) }
#define ATT_DECL_CHAR_UUID_32(uuid, perm, max_length) \

{ uuid, perm, max_length, PERM(RI, ENABLE) | PERM(UUID_LEN, UUID_32) }
t#tdefine ATT_DECL_CHAR_UUID 128(uuid, perm, max_length) \

{ uuid, perm, max_length, PERM(RI, ENABLE) | PERM(UUID_LEN, UUID_128) }
#define ATT_DECL_CHAR_CCC() \

{ ATT_DESC_CLIENT_CHAR_CFG_128, PERM(RD, ENABLE) | PERM(WRITE_REQ, ENABLE), \

®, PERM(RI, ENABLE) }

t#tdefine ATT_DECL_CHAR_USER_DESC(max_length) \

{ ATT_DESC_CHAR_USER_DESC_128, PERM(RD, ENABLE), max_length, \

PERM(RI, ENABLE) }

enum cs_idx_att

{
/* TX Characteristic */
CS_IDX TX_VALUE_CHAR,
CS_IDX_TX_VALUE_VAL,
CS_IDX TX_VALUE_cCcCC,

CS_IDX_TX_VALUE_USR_DSCP,
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/* RX Characteristic */
CS_IDX_RX_VALUE_CHAR,
CS_IDX_RX_VALUE VAL,
CS_IDX_RX_VALUE_CCC,

CS_IDX_RX_VALUE_USR_DSCP,

/* TX Long Characteristic */
CS_IDX_TX_LONG_VALUE_CHAR,
CS_IDX TX_LONG_VALUE_VAL,

CS_IDX_TX_LONG_VALUE_USR_DSCP,

/* RX Long Characteristic */
CS_IDX_RX_LONG_VALUE_CHAR,
CS_IDX RX_LONG_VALUE VAL,

CS_IDX_RX_LONG_VALUE_USR_DSCP,

/* Max number of characteristics */
CS_IDX_NB,

}s

#define CS_TX_VALUE_MAX_LENGTH
#define CS_RX_VALUE_MAX_LENGTH
#define CS_USER_DESCRIPTION_MAX_LENGTH
#define CS_TX_LONG_VALUE_MAX_LENGTH

#define CS_RX_LONG_VALUE_MAX_LENGTH

#define CS_TX_CHARACTERISTIC_NAME

20
20
16
40

40

"TEMPERATURE_VALUE"
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#define CS_RX_CHARACTERISTIC_NAME "RX_VALUE"
#define CS_TX_LONG_CHARACTERISTIC_NAME "TX_LONG_VALUE"

#define CS_RX_LONG_CHARACTERISTIC_NAME "RX_LONG_VALUE"

/* List of message handlers that are used by the custom service
* application manager */

#define CS_MESSAGE_HANDLER_LIST \
DEFINE_MESSAGE_HANDLER(GATTC_READ_REQ_IND, GATTC_ReadReqInd), \
DEFINE_MESSAGE_HANDLER(GATTC_WRITE_REQ_IND, GATTC_WriteReqInd), \
DEFINE_MESSAGE_HANDLER(GATTM_ADD_SVC_RSP, GATTM_AddSvcRsp), \
DEFINE_MESSAGE_HANDLER(GATTC_CMP_EVT, GATTC_CmpEvt), \

DEFINE_MESSAGE_HANDLER(GATTC_ATT_INFO_REQ_IND, GATTC_AttInfoReqInd)

/* Define the available custom service states */

enum cs_state

{
CS_INIT,
CS_SERVICE_DISCOVERD,
CS_ALL_ATTS_DISCOVERED,
CS_STATE_MAX
s
/ K L L L e e e e e e e e e o e o e e e e e e e e e e e e e e e = =

struct cs_env_tag

{
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/* The value of service handle in the database of attributes in the stack */

uintl6é_t start_hdl;

/* The value of TX characteristic value */

uint8 t tx_value[CS_TX_VALUE_MAX_LENGTH];

/* CCCD value of TX characteristic */

uintle_t tx_cccd_value;

/* A flag that indicates that TX value has been changed */

bool tx_value_changed;

/* A flag that indicates that PDU has been sent over the air */

bool sent_success;

/* The value of RX characteristic value */

uint8_t rx_value[CS_RX_VALUE_MAX_LENGTH];

/* CCCD value of RX characteristic */

uintl6é_t rx_cccd_value;

uint8_t tx_long_value[CS_TX_LONG_VALUE_MAX_LENGTH];

uint8_t rx_long_value[CS_RX_LONG_VALUE_MAX_LENGTH];

/* A flag that indicates that RX value has been changed, to be used by

* application */

bool rx_value_changed;
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bool rx_long value_ changed;

/* The state machine for service discovery

* (it is not used for server role) */

uint8 t state;

/* Custom service */

uintlée_t cnt_notifc;

uint8_t val_notif;

}s

extern struct cs_env_tag

cs_env[];

extern void CustomService_Env_Initialize(void);

extern void CustomService_ServiceAdd(void);

extern int GATTM_AddSvcRsp(ke msg id t const msgid,

struct gattm_add_svc_rsp const *param,
ke _task_id_t const dest_id,

ke _task_id_t const src_id);

extern int GATTC_ReadReqInd(ke_msg id_t const msg_id,

struct gattc_read_req_ind const *param,
ke task_id_t const dest_id,

ke _task_id_t const src_id);

extern int GATTC_WriteReqInd(ke_msg id_t const msg_id,
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struct gattc_write_req_ind const *param,
ke_task_id_t const dest_id,

ke_task_id_t const src_id);

extern void CustomService_SendNotification(uint8_t conidx, uint8_ t attidx,

uint8 t *value, uint8_t length);

extern int GATTC_CmpEvt(ke _msg id _t const msg_id,
struct gattc_cmp_evt const *param,
ke_task_id_t const dest_id,

ke _task_id_t const src_id);

extern int GATTC_AttInfoReqInd(ke_msg id t const msg_id,
struct gattc_read_req_ind const *param,
ke_task_id_t const dest_id,

ke_task_id_t const src_id);

* Close the 'extern "C"' block

#ifdef _ cplusplus

}

#tendif /* ifdef _ cplusplus */

#endif  /* BLE_CUSTOM H */
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RTS.m

clear

% DEFINABLE VALUES
BLE DEVICE NAME = "Peripheral Server"; % BLE advertisement string
BLE SERVICE UUID = "EO93F3B5-00A3-A9E5-9ECA-40016EOEDC24";

BLE_CHARACT UUID

MEMORY TIME =

UPDATE FREQUENCY = 100;

% NON-DEFINABLE VALUES

t = 0;
t 0 =0;
Vece = 05
TL = 0;
T3 = 0;

10;

"EO93F3B5-00A3-A9ES5-9ECA-40026E0EDC24";

% time

o)

% time of measurements start

t pause = 1000 / UPDATE FREQUENCY - 150

MAX POINTS = round (UPDATE FREQUENCY * MEMORY TIME) ;
if (MAX POINTS < 2)
EN1114.21201-C. AppB 18
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MAX POINTS = 2;

end

BLE IS _INITED = 0;

% BLE CONNECTION INITIALIZATION

% TRY TO SEARCH BLE DEVICE
while BLE IS INITED == 0

RTS INIT
end

% LIVE PLOT INITIALIZATION

figure

hold on

)

% Create three animated lines for plotting

line Tl = animatedline('Color', 'r', 'LineWidth', 3,
'MaximumNumPoints', MAX POINTS) ;

line T3 = animatedline('Color', 'b', 'LineWidth', 3,
'MaximumNumPoints', MAX POINTS);

line Vcc =animatedline('Color', 'g', 'LineWidth', 3,

'MaximumNumPoints', MAX POINTS);

legend('T 1 [C°]', 'T 2 [C°]', 'V {cc} [V]")
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grid on;

RTS LOOKUP; % Load lookup values

t 0 = posixtime (datetime('now'));

% MAIN CYCLE
while 1
try
while 1

% VALUE UPDATE CYCLE

Read the value from BLE device

o\°

[Vcc, R T1l, R T3, t] = RTS READ(char, t 0);

Tl = interpl(LOOKUP_R3l, LOOKUP_ TEMPERATURE, R_Tl);
T2 = Vcc;

T3

interpl (LOOKUP_R33, LOOKUP TEMPERATURE, R T3);

% Break the cycle if plot is closed
if (ishandle(line T1) == 0 ||
ishandle (line Vcc) == [
ishandle(line T3) == 0)
clear all
clc
return;

end
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% Add new points to the plot
addpoints (line T1, t, TI1)
addpoints (line Vcc, t, T2)

addpoints (line T3, t, T3)

% Scaling the plot time axis
if (t < MEMORY TIME)

x1im ([0 t]);
else

x1lim ([t-MEMORY TIME t]);

end

% Update the plot

drawnow update

if (t_pause > 0)
% Java function is used for pause as more precise
java.lang.Thread.sleep (t pause);
end
end
catch
% RECONNECTION ATTEMPT
clear ble device char;

BLE IS INITED = 0;

o\°

Break the cycle on plot closing
if (ishandle(line T1) == 0 ||
ishandle (line Vcc) == 0 ||

ishandle (line T3) == 0)
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end

clear all
clc
return;

end

while BLE IS INITED == 0
RTS INIT;
end

end

RTS _INIT.m

% SEARCHING THE RSL10 DEVICE

if (height (blelist ("Name", BLE DEVICE NAME)) == 0)
warning ("BLE device is not found!");
BLE IS INITED = 0;

else
% CONNECTING TO THE RSL10

ble device = ble(BLE DEVICE NAME) ;

\o

5 DEFINING CHARACTERISTIC
char = characteristic(ble device, BLE SERVICE UUID,

BLE CHARACT UUID);

BLE IS INITED = 1;

end

RTS LOOKUP.m
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LOOKUP_TEMPERATURE = linspace(-55, 155, 43);
LOOKUP R31 = [142 96.615 66.562 46.4 32.708
23.302 16.77 12.186 8.937 6.6125
4.9342 3.712 2.8145 2.15 1.6544
1.2819 1 0.78514 0.62031 0.49304
0.39417 0.3169 0.25616 0.208 0.17
0.13952 0.11505 0.095302 0.079296 0.066263
0.055 0.046 0.039 0.033 0.028
0.024 0.021 0.0181 0.0156 0.0135

0.0117 0.0102 0.00896];

LOOKUP_R33 = [96.158 66.892 47.127 33.606 24.243
17.681 13.032 9.702 7.2923 5.5314
4.2325 3.2657 2.54 1.9907 1.5716
1.2494 1 0.8055 0.65288 0.53229
0.43654 0.2487 0.29819 0.24837 0.20787
0.17479 0.14763 0.12523 0.10667 0.091227
0.078319 0.067488 0.058363 0.050647 0.044098
0.03852 0.033752 0.029663 0.026146 0.023111

0.020484 0.018203 0.0182027;

RTS _READ.m

function [v_batt, R Tl, R T3, t] = RTS READ(char, starttime)

\o

5 UPDATE THE CURRENT TIME FOR PLOTTING

t = posixtime (datetime('now')) - starttime;

\o

s UPDATE CHARACTERISTIC'S VALUE

line = read(char);
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% CALCULATE BATTERY VOLTAGE

temp = line(1:4);

temp typecast (uint8 (temp), 'uint32');
v_batt = double (swapbytes (temp)) ;

v_batt

2 * v_batt / 16384;

% CALCULATE T 1 THERMISTOR RESISTANCE

°

temp line(5:8);
temp = typecast (uint8 (temp), 'uint32');

v_r3l = double (swapbytes (temp)) ;

v_r3l 2 * v _r31 / 16384;
r 31 = 1076;
il= (v batt - v r3l) / r 31;

RTl =v r3l / i 1;

o)

=

iy
Il

R T1 / 1076;

\o

5 CALCULATE T73 THERMISTOR RESISTANCE
temp = 1line (9:12);

temp = typecast (uint8 (temp), 'uint32');

v_r33 = double (swapbytes (temp)) ;

v_r33 2 * v_r33 / 16384;
r 33 = 10"6;
i 3 = (v_batt - v _r33) / r 33;

R T3 = v r33 / 1 3;

el

3

w
Il

R T3 / 1076;

end
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